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INTRODUCTION 



This book was written for those people who 
have the technical knowledge to understand how a 
computer operates. This requires that the reader 
has a through understanding of digital logic. 
Armed with a TTL DATA BOOK and this manual such a 
person can understand the complex internal 
operation of the LNW80 COMPUTER. 

Remember that any work you do to your LNW80 
voids all warranties, implied or expressed. Also 
we will not repair or correct owner modifications. 
.We cannot possibly support owner hardware/circuit 
ideas on how to customize the LNW80„ 

In the following sections refer closely to 
the schematics and the system block diagram which 
can be found at the end of the manual. Good luck 
and have fun. 



SYSTEM OVERVIEW 



CENTRAL PROCESSING UNIT (CPU) 

The heart of the LNW80 is the Z80A CPU, The Z80A 
has 16 address lines and therefore 65536 addressable memory 
locations. The Z80A receives instructions from the ROM or 
RAM and proceeds to execute them. Only the CPU interacts 
with all other sections within the computer. The CPU 
section includes not only the Z80A but also the data and 
address buffers, wait logic, and system control logic. 



CPU CONTROL 
CPU CLOCK 




SYSTEM CONTROL 
ADDRESS BUS 
DATA BUS 



READ ONLY MEMORY (ROM) 

The ROM contains non-erasable data that is used to 
provide the CPU with instructions necessary for the system's 
operation. Upon power up the CPU outputs to the ROM for its 
first instruction after which the ROM takes over and 
instructs the CPU exactly how to perform the necessary 
funtions to get the system operating. 



ENABLE 




^*~DATA BUS (out only) 



ADDRESS BUS 



RANDOM ACCESS MEMORY (RAM) 

The RAM is where the CPU stores data. This data may 
consist of program information. The RAM differs from the 
ROM in that data may be written to as well as read from the 
RAM by the CPU, 



SYSTEM CONTROL 




DATA BUS 



ADDRESS BUS 



KEYBOARD 

The keyboard is used to input instructions from the 
user to the CPU,, 



ENABLE p 



KEYBOARD 



-> DATA OUT 



«8 ADDRESS BUS 



VIDEO RAM AND PROCESSING 



The video is used to inform the user what the system 
is doing* All data that is stored in the video ram is 
automatically displayed on the CRT by the video processing 
unit. The data within the video ram is stored in ASCII. 
Utilizing the Character Generator the ASCII is translated 
into a dot pattern that represents the desired character. 
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TAPE INTERFACE 

The tape interface stores data on tape so that it 
can be recovered at a later date. 
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SERIAL INTERFACE 

The RS232C serial interface sends and receives data 
in serial fashion and converts that data to parallel form to 
be received by the CPU. This section is used to connect to 
such devices as modems and serial printers. 



DATA BUS 
RX BAUD 
TX BAUD 
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FLOPPY DISK CONTROLLER (FDC) 

The FDC stores large amounts of data and thus 
increases the storage copacity of the system. 
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THEORY OF OPERATIONS 
LNW80 BOARD 



SYSTEM CLOCK 

The system clock is a 16MHz oscillator utilizing Yl 
and Ul to form a series resonant circuit, U87, a 
synchronous 4-bit counter, is used to perform the divide by 
four for the 4MHz and a divide by nine for the 1.77MHz CPU 
operation. when the HI/LO switch is depressed, the siqnal 
FORCELO* (U29-5) is a logic "0" resulting with a preset of 
1,0,0 at U87 pins 3,4, and 5 respectively. This preset will 
program U87 to divide by nine resulting in a 1.77MHz CPU 
clock at U2-6. 

During 4MHz operation, U87 will be preset with 0,1,1 
at pins 3,4, and 5 respectively resulting in a divide by 
four of the system clock. At 4MHz, the signal NHI* (U15-2) 
will be a logic "0". Thus when ROMRD* (U15-1) is active, a 
WAlT*_will be generated through U31 to the CPU pin 24 
allowing for the relatively slow access time of the ROM. 

During automatic switching (SW1=1) when the floppy 
address (37EC) is decoded along with a logic "0" at IMREQ*, 
the one-shot at U120 will be triggered forcing U^ 20-4 low 
This results with a logic "0" at U29-4 resulting in a CPU° 
speed of 1.77MHz as when the HI/LO switch was depressed. 
The clock speed will remain at this state until the one-shot 
expires at which time the CPU automatically and 
synchronously returns to 4MHz. 

CPU ADDRESS LINES 

KAK nf Jm° Z80 A Provides 16 address lines which define the 
b4K of addressable memory locations. These address lines 
3 H S buffered from the Z80A through U3 and U5. U3-1 and U5-"> 

Ume's tV l091C "L" thus enablin 9 their outputs at all ' 
times. The upper addresses are latched through U5, ai 
LS373, to prevent the address from changing premature' 

r»fr2V S ^ eSh tlme ' the lower 7 bits contain a valid 
refresh address. 
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CPU DATA BUS 

The CPU utilizes an 8-bit bidirectional data bus. 
The data bus is used for data exchanges with memory and I/O 
devices. The data is buffered through U4 and U17. DBIN 
(Ul-10) is used for directional control. When DBIN is a 
logic "1" the CPU is receiving data. When DBIN is low the 
CPU is sending data. 

WAIT*, INT*, and TEST* 

The WAIT* input to the Z80A CPU will cause the Z80A 
to extend its cycle, resulting in slowing down the CPU. The 
LNW80 utilizes one WAIT function when a ROM read is in 
process and one or two waits when accessing the video 
memory. These waits are required in the hi-speed mode of 
4MHz to ensure data validity when accessing the slower 
memory devices. There are no wait states when accessing the 
program memory (RAM) on the LNW80 (requiring 200ns or faster 
RAM ' s ) . 

The wait term is generated by U31. U31-3, the 
clock, is delayed by U16. This clock delay results in 
proper data setup time to U31. U61-3 is WAITHLD. This will 
increase the wait from the usual one wait state for the 
Level II ROM's, to multiple wait states when reading from 
the video memory. Pin 33 of Jl is the bus WAIT signal. 
This input may be utilized by other external devices that 
may wish to pose a wait condition on the Z80A procesor. 

The INT* signal is a maskable interrupt to the Z80A 
pin 16. The Level II Basic ROM utilizes interrupt mode 1. 
When the CPU is interrupted, a restart to location 0038H is 
executed. 

Pin 23 of Jl is TEST* which is a busrequest signal 
to the Z80A CPU. The CPU responds by tri-stating its data, 
address and output control signals. Since the Z80A CPU is 
fully buffered, all the buffers (U3, U4, U5, U17, and U18) 
will also be tri-stated. Once these buffers are tri-stated, 
any device on the expansion bus may control the function of 
the LNW80 board. One important consideration is that the 
dynamic program RAM's are refreshed by the Z80A processor. 
Therefore, any controlling device on the expansion bus must 
consider memory refresh. 



CPU CONTROL SIGNALS 

The ZRD* signal is a tri-state output, active low, 
ZRD* indicates that the CPU is ready to receive data from 
memory or an I/O device. It is input to U36 pins 4 and 12. 
When U36-12 goes low it enables DBIN. When ZRD* and ZMREQ* 
go low, they enable IRD* (U36-6) . RDOUT* will also be 
enabled if RDWRDIS (U51-8) is true. Note that RDWRDIS is 
used to disable the lower 16K when the HI RESOLUTION 
GRAPHICS RAM are enabled. 

ZWR* indicates that the CPU holds valid data to be 
stored in memory or an I/O device. When ZWR* and ZMREQ* 
both go low, IWR* (U36-3) is enabled. WROUT* (U36-11) will 
also be enabled if RDWRDIS is true. 

ZMREQ* indicates that the address bus holds a valid 
address for a read or write operation. Note that it is also 
used for memory refreshing. 

ZIORQ* indicates that the lower half of the address 
bus holds a valid I/O address for an I/O read or write 
operation. It is used as the enable at U35-15. When 
combined with a WR*, IOUT* will be enabled (U35-9) . When 
ZIORQ* is combined with a RD*, UN* will be enabled 
(U35-11). ZIORQ* is also combined with ZMl* when an 
interupt is being acknowledged. 

RFSH* indicates that the lower 7 bits of the address 
contains a refresh address for dynamic memories and the 
current MREQ* signal is used to do a refresh read to all 
dynamic memories. Note that it is used to clear U46-5 
during refresh time. Resulting in the selection of the 
lower seven address lines and a logic "1" for the CAS* 
signal. 



ADDRESS DECODING CIRCUIT 

The address decoding circuit consists of U6 and U35„ 
The decoding circuit uses the higher order address bits to 
enable the locations within the memory map which the CPU 
wishes to access. U6 is a 3 to 8 line decoder. It uses A15 
and IMREQ* as enables and A12, A13, and A14 as inputs. 
Refer below for a listing of the memory mapped sections of 
the LNW80 along with their decoded addresses. 



LNW80 MEMORY MAP 



ADDRESS 


DECIMAL 


HEX 








12288 


3000 


======== 


; = = = = = = : 


12289 


3001 


14301 


37DD 


======== 


= = = = = = = : 


14302 


37DE 


14303 


37DF 


14304 


37E0 


14305 


37E1 


14308 


37E4 


14312 


37E8 


14316 


37EC 



DEVICE 



BASIC ROM 



UNUSED 



COMMUNICATION STATUS ADDRESS 
COMMUNICATION DATA ADDRESS 
INTERUPT BATCH ADDRESS 
DISK DRIVE SELECT LATCH 
CASSETTE SELECT LATCH 
PARALLEL PRINTER ADDRESS 
FLOPPY DISK CONTROLLER ADDRESS 









14336 3800 






14591 38FF 


KEYBOARD 




15360 3C00 






16383 3FFF 


LO-RES VIDEO RAM 










16384 4000 






32767 7FFF 


16K PROGRAM RAM 











32768 8000 

65535 FFFF 32K RAM (EXPANSION BOARD) 



ROM 

The LNW80 ROM consists of six EPROMs. ROMA is 
memory mapped from to 2K, ROMAl from 2K to 4K , ROMB from 
4k to 6K, R0MB1 from 6K to 8K, ROMC from 8K to 10K, and 
ROMC1 from 10K to 12K. 

Each ROM has three enables. Pin 21 is an active 

high enable and pins 18 and 20 are active low enables. Pin 

21 is pulled high on all ROMs with 33 ohm pull-up 
resisters. 

ROMA and ROMAl, pins 20 are enabled by "0-4K*" 
(U6-15). "0-4K*" goes low when U6 pins 1,2,3,4, and 5 are 
at logic levels "0" , "0" , "0" , "0 , and "0" respectively. RAll 
is inverted at U50-8 and enables either ROMA and ROMAl at 
pins 18. 

ROMB and ROMBl, pins 20 are enabled by "4-8K*" 
(U6-14). "4-8K*" goes low when U6 pins 1,2,3,4, and 5 



are 



at logic levels "1", "0", "0", » », and "0" respectively. RA11 
enables either ROMB or R0MB1 at pins 18. 



ROMC and R0MC1 



(U6-13). "8-12K*" 
at logic levels "0 
enables ROMC or ROMC1 at 



pins 20 are enabled by "8-12K*" 
goes low when U6 pins 1,2,3,4, and 5 are 
"1","0","0\ and "0" respectively. RA11 
pins 18. 



and 
and 



U65 



Addresses 
, LS244' 



A0 through All are buffered through U62 
s. The data bus out is buffered through U63 
by "RAM/ROM*" (U52-6). "RAM/ROM*" goes low 
when RD* occurs with either "0-4K*", "4-8K*", or "8-12K*". 



is enabled 



PROGRAM RAM 

The LNW80 utilizes the 16Kxl dynamic memories (4116 
type) with maximum access time of 200ns. The 14 address 
lines are multiplexed into the 7 address inputs. The 
addressing sequence is RAS* (Row Address Select), MUX 
(Multiplex), and then CAS* (Column Address Select). The 
timing diagram for a write operation of the memory control 
signals is displayed in the following diagram. The RAM data 

? ma Vf e ? abled b V "RAM/ROM*" at U63 when RAM* is decoded 
at U19-6 during a read operation. 



CLOCK (U2-6) 
ZMREQ* (U2-19) 
A0-A15 (U3,U5) 
RAS* (U18-14) 
MUX* (U18-5) 
CAS* (U18-12) 
WR* (U18-7) 



MEMORY ADDR. 




J 



FIGURE 1. MEMORY WRITE TIMING DIAG 



RAM 



RAM REFRESH 



Dynamic RAM require periodic refreshing to retain 
data information. If the system does not receive periodic 
refreshing the dynamic RAMs will begin to "forget" data. 

The LNW80 utilizes the Z80A CPU to generate the 
refresh to the RAM's. The memory refresh address is output 
on the lower 7 address bits during refresh time. An 
instruction fetch will increment the refresh register. 

The LNW80 uses a "RAS*" only refresh, where RAS* 
will be low and CAS* will be high during refresh. At 
refresh time MUX will be low selecting A0-A7 as the RAM 
address. 



KEYBOARD 

The LNW80 keyboard is designed specifically for the 
LNW80 computer providing a 62 keypad, an 11 key numeric 
keypad, and all the special functions that are available to 
you through the LNW80 computer. 




an 



Note that lower case is enabled only with software 
driver routines such as those available in DOS+, NEWDOS80, 
and ELECTRIC PENCIL. 



SPECIAL KEYBOARD FUNCTIONS 



RESET (RST) 
HIGH LOW: 

CONTROL: 

CAPS LOCK: 
Fl, F2: 



Both RST keys must be depressed to reset 
the computer. 

Forced LOW Speed switch. When depressed 
the system will operate in LOW speed. 
Otherwise the system will operate in 
forced high speed. 

This is a special software controlled key. 
It is used in software such as the 
ELECTRIC PENCIL word processing program. 

Disables lower case characters. 

User definable keys. Needs special 
software driver. 



VIDEO DIVIDER CHAIN 

The video divider chain provides the necessary logic 
for video processing, including video ram addressing, and 
vertical and horizontal timing pulses. The basis of the 
video divider chain is the 10.738MHz clock at U119-6. This 
signal appears as a sine wave and is exactly 3 times the 
color frequency of 3„579MHz. U121 executes a divide by 2. 
This results in 2 input frequencies to the divider chain at 
U122. 

In the standard 64 character mode, 32CHAR* (U122-1) 
will be high so that the B inputs to U122 will be selected 
therefore the clock input at U138-9, CLKT, will be 
10.738MHz. U138 provides the basic timing signals for video 
processing. Figure 2 represents a timing diagram for the 
outputs of U138 and U155 in the 64 character mode. 



CLKT 1 1 

(U138-9) 1 


~mjnj~Ln_n_n_r_ri 


Ti 1 
(U138-5) — 1 




T2 
(U138-7) 




«!•) 




1 J 

(U138-10) 




T4 




(U138-12) 




T5 
(U138-15) 




T6 
(U138-2) 




T7 




(U155-6) 





FIGURE 2 



10 



During 64 character mode, T7* is selected as the 
control clock (CNTRCLK) for the video timing chain (U122-12) . 
The circuitry of U138 and U155 effectively produces a divide 
by 12 such that T7* is 10.738MHz/12 or 894.8KHz. Note also 
that T7 is selected as CHARl (U122-9) . CNTRCLK is the clock 
input to U160 and U161 (S161 ' s) . Figure 3 illustrates the 
outputs of U160 and U161. 



T7 (U155-6) 
894.88KHZ 



ji^juimnmuwLnjLam 



CHAR2 (U161-14) 
447.4KHZ 



CHAR4 (U161-13) 
223.7KHZ 



CHAR8 (U161-12) 
111.86KHZ 



CHAR16 (U161-11) 
55.93KHZ 



CHAR32 (U160-14) 
27.97KHZ 



FIGURE3 



Note that HORTP (U160-13) is not half the frequency 
of CHAR32 (U160-14) . T6INH* (U155-9) prevents the completion 
of its period by clearing U160 and U161 at the end of each 
horizontal line. The frequency of HORTP is 15.750KHz 
resulting in a period of 63.49us for each line. 

Each line consists of 112 characters. Allowing one 
CHARl period for each 2 characters the time span for 112 
characters is 62.58us. Note that we are left with 0.91us at 
the end of each horizontal line. T6INH* is used to delay 
the timing chain to "waste" this additional time before 
starting the next cycle. U167 is used to add the additional 
delay in T6INH*. It is ANDed with T6 at U154 thus delaying 
T6*(U154-8) from clearing U138. 

HSTP (U168-11) is the ORing of CHAR16 and CHAR32, 
ANDed with HORTP. This is the horizontal sine timing pulse. 
Its frequency is 15.750KHz. Refer to figure 4 for the 
timing diagram. 
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U159-12 is also displayed in figure 4, It goes low 
after the 112th character and also has a frequency of 
15.750KHz o It serves 2 important purposes. 1st, it is the 
data input to U124 which when clocked clears U155 and thus 
enabling T6INH*. Also it is the input to U156-13 and thus 
increments the row count. 

64th Char Position 112th Char Position 
f 
CHAR16 
(U161-11) 



CHAR32 
(U160-14) 



HORTP 
(U160-13) 



HSTP 
(U168-11) 



"U159-12" 



T 



FIGURE 4. 

Each character position consists of a 6x12 matrix. 
Six dots and 12 horizontal rows. U156 increments by one 
after each horizontal scan. When the row count is equal to 
12, U168-3 will go high thus clearing U156 setting the row 
count back to zero and also clocking U153-11 and 
incrementing the line count by one. 

Note that the screen consists of 22 lines (only 16 
are displayed) and each line has 12 rows. LINEl, the least 
signicicant bit of the line counter, changes state every 2nd 
line and thus has the same period as 24 rows or 24x63. 49us 
or 1.524ms. Its frequency is therefore 656.3Hz. Using 
similar logic, you can find that LINE2=328.lHz, 
LINE4=164.1Hz, and LINE8=82.0Hz. 

A similar situation exists for VERTP (U156-6) as did 
for HORTP in that U156 is cleared before VERTP, which 
represents line!6, completes its full period. When the 
total line count is 22 the inputs to U169 pins 3,4 and 5 are 
high, thus its output pin6 clears the line count back to 
zero, in 22 lines LINEl changes state 11 times so that the 
period of VERTP is 11 times that of LINEl or 16.76ms. The 
resultant VERTP frequency is 59.66Hz. 

In the 32 character mode, U122-1 goes low selecting 
the 5.369MHz clock for CLKT. The result is that all of the 
outputs of U138 are exactly one half the frequency that they 
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were in 64 character mode. T5* is selected as CNTRCLK and 
CHAR1 is ground. Note that because T7* is 1/2 the frequency 
of T5®, by selecting T5* in 32 character mode CNTRCLK does not 
change and therefore nor does the resulting logic of U160 and 
U161. 

The signals that did change, T2 through T5 and CHAR1 , 
are very important to the video processor section. CHAR1 
determines whether the video ram have 1024 or512 usable 
addresses. T2 through T5 determine how many characters may be 
processed to the character generator per line. 



VIDEO RAM ADDRESSING 

The video rams are addressed by 2 sources. The video 
divider chain addresses the video ram so that data contained 
in memory can be processed and displayed on the screen. The 
CPU must address the video ram so that data can be read from 
or writen to specific locations. Multiplexers are used to 
select either the video chain or CPU address. 

For the following discussion refer to figure 5, the 
VIDEO MEMORY MAP. Note that the low resolution video is 
defined only within the inner region and that A10-A13, which 
specify the row count are not used by the low resolution video 
ram. By definition A10-A13 are at a logic "1" voltage state 
during CPU access of the low resolution video ram. 

The inner region represents the standard TRS80* video 
display. This region is memory mapped at locations 15360 
through 16383. It has 63 characters and 16 lines, each line 
with 12 rows. The video addressing of this region is 
represented by the following: 







384 X 192 INNER REGION 








ROW | LINE ICHARACTER 



15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 (ADDRESS) 




SPECIFIES 
ROWS 
0-11 



SPECIFIES 

LINES 

0-15 



SPECIFIES CHAR 
POSITION 
0-63 



A0-A5 specify character position 0-63, A6-A9 specify 
line position 0-15, and A10-A13 specify row position 0-11. 
A14 and A15 will be low. 



ie extension region, refer to figure 5 
16 character positions for a total of 



The 
additional 
following illustrates the addressing" of this region: 



adds an 
80. The 
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96 X 192 EXTENSION REGION 






1 1 


ROW 


LINE 


ROW 


CHAR 




SPECIFIES 

LEAST 

SIGNIFICANT 

2 BITS OF 4 

BIT ROW FIELD 



15 14 13 12 11 10 9 8 7 6 5 4 3 2 I (ADDRESS) 



SPECIFIES 4 BIT 

FIELD WHICH 

DEFINES THE 
EXTENSION REGION 
CHARACTER POSITION 



SPECIFIES 
LINES 
0-15 



SPECIFIES 

MOST 

SIGNIFICANT 

2 BITS OF 4 

BIT ROW FIELD 



A0-A3 specify character 0-15 of the extension 
region, A4-A5 specify the most significant 2 bits of the 4 
bit row field, A6-A9 specify lines 0-15, and A10-A11 specify 
the least significant 2 bits of the 4 bit row field. A12 
and A13 are high. Note that the extension region is 
uniquely defined by a logic"!" at A12 and A13 because in the 
inner region this would specify a row count greater than 
11. 

When the CPU is not accessing the video ram, the 
video addresses are controlled by the video divider chain. 
The selects at U139, U140, U144, and U145 will be high 
selecting the B inputs. 

U142 specifies whether we are in the inner or 
extension region. Prior to the 64th character HORTP (U142-1) 
will be low, selecting the A inputs. At the 64th character 
HORTP will go high selecting the B inputs thus selecting the 
extension region addresses. 



CPUACC*(Ul21-8) is the select for U139, U140, U144, 
and U145. When the CPU is accessing the video ram, CPUACC* 
will go low selecting the A inputs. The procedure by which 
CPUACC* goes low and the CPU addresses are latched into the 
address multiplexers will be covered in a following 
section. 



LOW RESOLUTION VIDEO RAM 



Video Ram consists of two 2114 

For either read or write 
8) must be low. They have an 
address lines, and 4 data lines 
each. U114 uses the least 4 significant data bits and U115 
the 4 most significant data bits. 



The Low-Resolution 
type 1Kx4 static ram chips, 
operations the select (pin 
active low write enable, 10 
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When the CPU wishes to access the video ram it 
must execute a read or write operation while placing a video 
address on the address bus. For the Low-Resolution (LORES) 
Video Ram this address must be from (3C00-3FFF) Hex. The 
following illustrates the sequence of events during a LORES 
video write. 




This is the input to U154, a 
four input nand gate. Note that the four inputs represent 
LORES video write, LORES video read, HIRES video write, and 
HIRES video read. When any of the four inputs goes low the 

>3-5) 
-6) 

J - _, , , . iW „^, the CPU 

addresses, the CPU data, and VIDWRT* are latched. VIDWRT* 
is latched at U141-4. It becomes LVIDWRT*. LVIDWRT* and 
T2* are input at U151 pins 12 and 13 respectively. T2* 
prevents the LORES video ram to be written to before the 
video addresses are stabilized. At the beginning of the 



HIRES video read. When any of the four inputs goes lo\ 
output, pin6 will go high clocking U153. DATALAT (U153- 
will be high and U153-6 will be low. CLKADRSDTA (U137- 
will go high latching U98, U141, and U143. Thus the CI 



bBiB « Q J- tne viaeo aaaress multiplexers and when it is 1 
the CPU addresses are selected. At T2*, LVIDWRT* will be 
output to WRT2114* (UI39-I2). WRT2114* enables the data 
output of U98 through U81 and is the write enable to the 



the 
ow 




_A LORES video, read is very similar to the write. 

fill be 



« ^^im_.,_. viucu. icau x& veiy aimiiar to cne w 
vid* will be decoded from the video address. RD* w 
low. These are the inputs to U152 pins 1 and 2 
respectively. This will place a low input to U154 as before 
and the same signals will result except VIDWRT* will be hi 
and VIDRD* will be low. At the end of the operation DATAL 
will go low latching in data at U99 and U125, VIDRD* 
enables the output of U99 from which the CPU will read the 
data. 



gh 
DATALAT 
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HI RESOLUTION GRAPHICS RAM 

The Hi Resolution (HIRES) Graphics Ram are located^ 
at the lower 16K of the LNW80 address space. Note that this 
is also where the Roms, keyboard, LORES video ram, and 
miscellaneous I/O are mapped. I/O port 254 bit-D3 selects 
which devices are enabled. With D3=l, the graphics memory 
is enabled. Note that since the Roms are also disabled by 
D3=l, using the OUT command in basic to turn on this bit 
will be fatal to the computer, since the computer will 
execute out of graphics Ram instead of Rom. 



T3 (MUX) 
(U112-1) 



GCAS* 
(Ulll-15) 




GRAS* 
(Ulll-4) 



WRT4116* 
(Ulll-3) 



GRAMA 0-13 
(U105,U112) 





FIGURE 6. HIRES GRAPHICS RAM WRITE TIMING DIAGRAM 
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The HIRES Ram utilizes six, 16Kxl dynamic memories. 
The addressing sequence of events is GRAS*(row address 
select), T3 (multiplex) , then GCAS*(column address select) to 
multiplex the 14 bits of address into 7-bit parts. The 
sequence of events during a write operation are as follows. 

I/O Port 254 is decoded by U33 and U54. FEOUT* 
(U54-12) is used to clock U67. when U67 is clocked and 
D3=l, GRRDEN* (U67-6) becomes logic "0". This inputs to 
U66-12, When the CPU places an address of the lower 16K on 
the address bus, A14 and A15 will be low at U66 pins 10 and 
9 respectively. This is used to decode the lower 16K. The 
output of U66-8 goes low and inputs to U66-13. This enables 
GLWR16K* at U66-11. GLWR16K* is inverted at U51 and becomes 
RDWRDIS (read write disable). RDWRDIS .disables 
RDOUT*(U36-8) and WROUT* (U36-11 ) preventing a conflict on 
the data bus. GLWR16K* is input to U152 pins 9 and 12. 
When accompanied with either IRD* or IWR* a read or write 
operation will occur at the HIRES Ram. Suppose that IWR* 
(U152-10) goes low. Then GRAMWRT* (U152-8) will enable 
U154-4. The video address and data control signals are the 
same as for the LORES write operation. WRT4116* (UI39-4) is 
inverted through U118 to disable the LORES Ram. Figure 6 
illustrates the timing diagram during a write operation. 

The read operation is very similar except that 
GRAMWRT* remains high and GRAMEN* goes low enabling U154. 
Refer to the write operation for complete details of the 
address latching and multiplexing. The data is latched into 
U125 from pin 14 of the HRES Ram by DATALAT, and the outputs 
of U125 are enabled by GRAMEN*. The CPU reads the data from 
J125. Note that D6 and D7 have inputs HORTP and VERTTP. In 
the present usage these bits are not used. 

VIDEO DATA LATCH 

The first step of the video processing is the data 
latch. For the LORES video this occurs at U116 and \J~n7 
(LSl74's). U116 latches the lower 5 data bits. Ull7~~ 
latches D6 and D7, also the video control signals. D0-D5 
and D7 are latched directly at the end of the timing chain 
C iYioi e A Y - • D P asses through U81 and U82. when CAPS* 
(U82-4) is true D6 is disabled, and DLYD6 becomes a function 
of D5 and D7. The purpose of the CAPS* key is to disable 
lower case characters. The ASCII code for lower case is 
within (60-7F)Hex. D6 is a "1" for all lower case 

rA?,lt C tt tS ° !! hen a ^ wer case character is decoded and the 
CAPS* key is depressed, DLYD6 will be "0" thus disablinq 
lower case. The HIRES video also uses an LS174, U126, and 
it too is clocked by T5*. 
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CHARACTER GENERATOR 

Each character consists of a 5x7 dot matrix. 
Between any two characters there is a dot that is never 
turned on. Vertical spacing between dots is determined by 
CLKT. Note that in 32 character mode CLKT is 1/2 the 64 
character mode CLKT frequency. This means that in 32 
character mode there will be twice the vertical spacing 
between dots. 

U100 is the Character Generator. The ASCII word is 
presented to U100 pins 1 through 7 from U116 and U117. U100 
uses the ROW count to determine which patern of five dots to 
print on each row. It must output 7 times to complete one 
character after which five rows of blanks are output and the 
line increments and we're ready to output the first row of 
dot information to the 2nd character line. 



GRAPHICS GENERATOR 



U83 functions as the Graphi 
The Graphics Character may use the 
position, a 6x12 dot matrix. This 
six rectangles as shown in figure 7 
multiplexer. It uses R0W4 and R0W8 
rectangle is either "on" of "off", 
between and 3, DLYD0 AND DLYDl ar 
count is between 3 and 7, DLYD2 and 
finally for a ROW count between 8 a 
are selected. Each scan line, 3 do 
of two rectangles per graphic chara 
defined by one data bit. DLYD7 def 
when true. 



cs (LORES) Generator, 
entire character 
matrix is divided into 
U83 is a dual 4x1 data 
as selects. Each 3x4 
When the ROW count is 
e selected. When the ROW 
DLYD3 are selected. And 
nd 11, DLYD4 and DLYD5 
ts may be written in each 
cter. Each rectangle is 
ines a graphics character 






1 


2 


3 


4 


5 



3 DOTS-> 



ONE CHARACTER POSITION 6x12 DOTS 

6 GRAPHIC CELLS 
EACH CELL 3x4 

1 y ii c ii it ^ ii ii o ii ii 9 ii ii -l ii it n n 

76543210 (DATA BIT) 



t 



4 SCAN LINES 



FIGURE 7 
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ALPHANUMERIC/GRAPHIC SHIFT REGISTERS 

U101 is the alphanumeric shift register, U84 is the 
LORES graphic shift register, and U127 is the HIRES graphic 
shift register. All three receive parallel data and shift 
that data out to the video display in serial form. 

All three behave in the same manner but have 
different restrictions that if not met will prevent data 
from being serialized. 

The 
rest 
the 
the 

8 through 11 for alphanumeric characters. DLYBLANK-- 
provides blanking beyond the 64th character position and 
below the 16th line. DLYD7* defines an alpha numeric 

character when true. And CTRLT5 (U81-8) provides that data 
in not loaded during CPU access time. Note that there are 
only 5 inputs to U101. This is because the sixth bit is 
tied to gnd to blank the sixth dot between characters. 

The inputs to U85 pins 1,2, and 13 represent the 
restrictions to the LORES graphics shift register. If any 
of its inputs go low its output will go high preventing data 
from being loaded. There are two differences in the 
restrictions of the LORES graphics and the alphanumeric 
shift registers. The first is that for graphics characters 
the entire character position may be used therefore ROWS 8 
through 11 are not blanked out. And DLYD7 defines a 
graphics character when true. The restriction regarding 
CTRLT5 still applies. 

The inputs to U85 pins 3,4, and 5 represent the 
restrictions to the HIRES graphics shift register. CTRLT5 
has the same purpose as described for the alphanumeric shift 
register. DLYLDHDG* provides blanking after the 80th 
character and below the 16th line. DLYLDINH* prevents 
loading during CPU access time. 



20 



INVERSE VIDEO 

Inverse Video is controlled through Port 254,, When 
D0 is set to a one and output to Port 254, VIDEOINV (U67-10) 
becomes a logic one. VIDEOINV drives U82-1 an input of an 
exclusive or gate (74LS86) „ When VIDEOINV is a "1" the 
combined video output of U68-4 (VIDEO "NORed" with HRESVID) 
is complemented thus inverting the video content. This is 
full screen video. When VIDEOINV is low the combined video 
information passes unchanged (standard video) . The output 
of U82-3 COMBINED VIDEO (COMBVID*) drives both the high 
resolution B/W video output circuitry (U9-6,7) and the NTSC 
color channel (in the non-color display modes) at U68-11. 

HORIZONTAL AND VERTICAL SYNC TIMING 

U20 and U37 form the sync generator circuit. The 
horizontal and vertical sync generator circuits take the 
timing pulses from the divider chain, delays are applied to 
them, and the pulses are one-shot to fix the pulse width. 
This allows the vertical and horizontal positions to be 
adjustable and the correct pulse width is supplied to the 
video monitor to provide the correct horizontal and vertical 
synchronization. 

The VERTICAL TIMING PULSE (VERTTP) from the divider 
chain is buffered by U20-8 (a CMOS exclusive or acting as a 
buffer only) and drives potentiometer R145. When R145 is 
set for some resistance U20-10 directly drives an RC timing 
delay circuit formed by R145 and C23. When VERTTP goes to a 
logic "1", C23 begins to charge. As it charges, the voltage 
at the input of U37-5 (74C04) rises. When the voltage 
reaches the threshold of a logic "I" (around 4 volts since 
this is CMOS logic), the output of U37-6 becomes a logic 
(U37 is an inverter). The logic output of U37-6 drives 
the input of the next inversion stage of U37-9. The logic 
is inverted and the output of U37-8 becomes a logic "I" and 
stays that way until VERTTP returns to a logic "0". By 
changing the "R" of the R145 and C23 "RC" circuit the 
vertical sync pulse is varied. This allows the adjustable 
vertical screen position to compensate for variance in video 
monitors. The output of U37-8 is now given a fixed pulse 
width by the monostable circuitry of C22, R49 and the input 
of U37-1. 

The horizontal sync circuits work in a similar manner 
with the HORIZONTAL SYNC TIMING PULSE (HSTP) driving U20-13. 
R144 and C24 form the RC delay, and C21 and R48 form the 
pulse shaping and width. 
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The horizontal and vertical sync pulses are mixed by 
two EXCLUSIVE OR gates of U20. The output of U20-3 directly 
drives the video mixing circuits of the Hi-resolution B/W 
video output. U20-4 drives the Sync input to the NTSC 
Prom. 




COMPOSITE VIDEO MIXING CIRCUITS (HI-RES) 

The following drawing illustates what the black and 
white video output would look like with an oscilloscope. 
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The combined sync output of U20-3 directly drives the 
base of Q2. when there is sync, U20-3 is high and Q2 is 
turned off. This provides no drive to Ql and thus the video 
output is volts. During the non-sync period U20-3 is 

low and "turns on" Q2. This causes 5 volts to be driven 
into voltage divider R19 and R16 and the base of Ql. The 
COMBINED VIDEO output (COMBVID*) drives peripheral and 
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driver U9. When the video dot is to be displayed 
(COMBVID*=0) then the output transistor in U9 is "off" thus 
high impedance. This means that R17 has no effect in the 
circuit and around 2.5 volts drives the base of 
emitter-follower Ql. With around .7 volts drop the output 
of Ql (75 ohms impedance) is 1.8 volts. When the video dot 
is NOT to be displayed, COMBVID* is high and R17 now appears 
in the circuit from the base of Ql to ground. This causes 
the voltage at the base of Ql to be reduced to around 1 volt 
thus with a .7 volt drop at Qi (base to emitter) the output 
is at the "black level" or .4 volts. C7, R22, and C8 serve 
to filter, reduce power dissipation in Ql , and serve as 
short-circuit protection. R121 serves to set the output 
impedance of the video signal. 



NTSC COLOR VIDEO 

NTSC stands for the television standard first, 
developed and implemented in the United States. Japan, 
Canada, and Mexico also adopted this (the first) television 
standard. NTSC color video uses the same timing and levels 
as Black and White video. It has a 60 hz vertical sync rate 
which corresponds to 262 scanned lines (including sync). 
The LNW80 refreshes the screen at a rate of 60 hz with 262 
lines. Countries which have AC power frequencies of 50hz use 
PAL, SECAM, or other color systems with 312 scanned lines at 
a 50hz vertical rate. These systems are not compatible with 
the LNW80 set up for NTSC at 60hz. 

Color video works much the same as black and white. 
The video signal also is 1.8v p-p and .4 v is the black 
level and 1.2v is the white level. Horizontal and vertical 
sync are identical. Here are the differences: 

1. COLOR ENCODING 

In order to encode color information on the video 
signal there is a COLOR CARRIER. This color carrier allows 
the luminance information to be encoded with a PHASE 
relationship with the carrier thus specifying the color to 
be displayed. 

2. COLOR BURST 

The color carrier cannot be present during the displayed 
video period and thus is maintained by the monitor (or TV). 
This 3.579545 MHz signal is transmitted only for a small 

period of time by the computer (or TV station) to keep the 

color oscillator in the monitor (or TV) "locked in at the 
same exact frequency". This "burst" of color carrier is 
transmitted only for about 8 cycles and only at the very end 
of the horizontal sync pulse. This is commonly referred to 
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as the "back porch" of the horizontal sync or the COLOR 
BURST and is illustated below; 



VIDEO 




BLACK LEVEL 



VWjmJ"* 3 ,579545 MHZ 

BURST 



HORIZONTAL SYNC PULSE 



COLOR MODES 

In the LNW80 there are two possible color modes-low 
resolution and high resolution. The bandwidth of NTSC video 
only allows the low resolution mode to be displayed. In 
order to display the high resolution color, an RGB type 
direct drive monitor must be used and the optional RGB 
interface circuitry must be installed. 

Port 254 data bit 2 selects whether or not color is 
enabled, COLOR (U67-2) and COLOR* (U67-3) do the logic 
switching to enable or disable color operation. 



LOW RESOLUTION COLOR 

In low resolution color mode, HRES will be low and 
HRES* will be high. This causes U129 to be enabled and U131 
to be disabled via two gates of U52, U52-13 (COLOR) is 
high, U52-2 (HRES*) is high and U52-1 is VIDEO, thus the 
output of U52-12 which allows UI29 to be selected to drive 
color information to U130 (NTSC ROM) will go low along with 
VIDEO, This means that the low resolution text and graphics 
information from the MODE display will select whether or 
not the color information is to be passed on the NTSC ROM or 
the display will be black. When U129 is not enabled (it is a 
tri-state) gate pull-up resistors R10I, R100, and R93 pull 
the floating inputs of the NTSC ROM to a logic "1", A logic 
"1" on all three bits of the color code or a 7 is defined as 
the color black. This means that there are two ways that 
the screen can be programmed black. One by putting 7 as the 
color information in the color memory or by blanking the low 
res screen. 

Color information is stored in the same memory as the 
high resolution graphics memory UI06-U111, The 6 bits of 
data, instead of being fed into a shift register (U127) to 
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be sent out one bit at a time (as in high resolut 
graphics), is latched again into U128. It is fed 
for another level of delay to syncronize the Blac 
video information (being shifted out of U101 or U 
latched into UI28, the 6 bits represent two 3 bit 
colors and black) fields. During the period that 
3 dots (of the character position time) are being 
out of U84 or UI01, T3 is a logic 0. This drives 
significant 3 bits of U128 into the NTSC ROM to d 
color. During the next 3 dot periods, T3 is a lo 
the most significant 3 bits of U128 are driven in 
define the color. Remember that if VIDEO was fal 
disabled completely thus overriding the contents 
(displaying black). 
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NTSC COLOR ROM 



The NTSC COLOR ROM translates 
(0-7), SYNC and BURST (timing) into 



a 3 bit color code 
the proper R-Y (COLORB) 
B-Y (COLORA) , and LUMINANCE (LUM) that the MC1372 requires 
to do the color encoding. The NTSC ROM (U130) is a high 
speed bipolar open collector prom. U130 combined with 
ladder resistors R85-92, R94, R99 and R102-105 form a high 
speed digital to analog converter to translate the digital 
color codes and sync information into the analog levels 
needed by the MC1372. 



The following is the truth table for the NTSC ROM 
and the voltage levels developed for COLORA, COLORB, and 
LUM. 
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1.5V 


1.5V 


.38 


01 
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1.0 


.5 


02 
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CC 


YELLOW 


1.5 


1.0 


.38 


03 
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7A 


RED 
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1.5 


.62 


04 








1 










FD 


MAGENTA 
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2.0 


.50 


05 
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EA 


BLUE 


1.5 
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CYAN 
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.50 


07 
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1.5 
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SYNC 


1.5 


1.5 


1.00 
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COLOR BURST ONE-SHOT 

When HSYNC transitions from high to low (the end of 
the horizontal sync pulse) U133-13 strobes, using R80 and 
C83 for RC timing. The one-shot time is approximately 
2usec. During this time, BURST is high and drives A4 of 
U130, the NTSC ROM. When A4 is high, the correct analog 
levels are supplied to U146 (MC1372) to output a burst 
reference signal with the correct phase and amplitude. 



U146-MC1372 COLOR ENCODER 

The MC1372 is a linear IC which contains both a 
chroma oscillator and the necessary chroma (color) encoder. 
U146 pins 1 and 2 along with Y2 the 3.579545 MHz crystal, 
C94 and 95, and R106 form the complete color reference 
oscillator (chroma oscillator) circuit. C95 is the chroma 
frequency trimmer adjustment. U146-1 is the square wave 
output of the 3.579 MHz color frequency and drives one-shot 
U133-10 to provide the color to luminance dot clock 
synchronization signal (COLORSYNC) . U133 with timing 
resistor R107 (and no timing capacitor) forms a 50-70 
nanosecond pulse generator. U133-5 drives open-collector 
inverter U162-11. Inverted and pulled up by R97, this 
generates COLORSYNC. 

COLORA, COLORB, and LUM information from U130 
determines the luminance level and the phase encoding of the 
video information that is output by the MC1372 on pin 12. 
R109 sets the output bias and CRl selects the composite 
video polarity. The output of U146-12 (COLOROUT) is 
amplified and level shifted by Q13, R123 and R129. Q14 is 
an emitter follower to provide current amplification and 75 
ohm impedance matching. 

The MC1372 has the chroma encoder circuit separate 
from the final composite video mixing circuit. The chroma 
encoder output (U146-10) is fed back into U146-8 through 
R117 and blocking capacitor C110. UI62-12, Cill, and R118 
form the chroma killer circuit that disables any chroma 
content in the video signal when COLOR is disabled. It does 
this by shorting the chroma signal to ground (through 
open-collector U162-12). 

For more details on the operation of U146 refer to 
the data sheets on the MC1372. 
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HIGH RESOLUTION COLOR 

Assuming that the RGB ROM is installed, wired, and 
usable, then high resolution color is possible. In high 
resolution color U129 is disabled and U131 is enabled via 
U52-8 when HRESVID (U52-10), COLOR (U52-11), and HRES 
(U52-9) are true. In the high resolution color mode the dot 
information is supplied by the high resolution memory 
(480x192) and the color information is supplied by the low 
resolution memory (128x16 lines). U132 latches the output 
of the text memory and drives the multiplexer U131. U131 
provides the RGB ROM with the least 3 bits of the text data 
(DLY0-DLY2) during the first half of the character position 
when T3 is "low" (first 3 dots) and then switches the output 
of U131 to the most significant 3 bits of the text data for 
the last 3 dot clocks (T3 is high). 



BLACK AND WHITE DISPLAY THROUGH THE NTSC CHANNEL 

In the low or high resolution black and white display 
modes, COLOR is low (U68-12) . This disables both U131 and 
U129. Thus U130 receives no color or luminance information 
from U131 or U129. U130 still receives Sync information. 
Since U68-12 is low, video information passes directly 
through to U68-13 to drive the open-collector driver, 
U162-1. This through R95 then feeds dot information 
(luminance) directly into the MC1372 (U146) while UI30 
supplies the correct information to luminance during sync. 



CASSETTE 



Programs are loaded onto tape in serial fashion, 
serial data contains both clock and data information as 
shown below: 



The 



CLOCK DATA=1 CLOCK DATA=0 CLOCK DATA=1 CLOCK 



Tj 



IT 



U 



n 



The time "T" is dependent upon whether the computer 
is in high speed or low speed. In low speed the time "T" is 
2 ms. In high speed this time is 1 ms. This timing results 
in a transfer rate of 500 baud and 1000 baud respectively. 
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The cassette routines are resident in the Level II 
ROM's and cassette is accessed as an I/O port* When a CSAVE 

is entered, the address FF is placed on the address bus 

along with OUT* (U18-3) going low. The result is that 

FFOUT* (U54-11) goes low. When this happens D2 will go high 

and will be clocked into U8. This will turn U9 on and 

therefore the relay Kl. This shorting of pins 1 and 3 of 

the cassette connector through Kl will turn the cassette 

motor on. D0 and Dl also get clocked into U8 with timing 

that results in the above diagram. 

The cassette loading operation is accomplished 
through U21 A, B, and C. Refer to the figure below. 



CASSETTE WAVEFORMS 



Cassette Input 



-J\s -JV- 



jv- 
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source resistance and the higher the gain. The voltage 
level of U21B will be controlled to a maximum of about 8.0 
volts. U21C is a comparator who's trip level is dependent 
upon the voltage at U2IC pin 5. The output at pin 7 is 
normally high which will go low when a data or clock signal 
is encountered. 

U38 is a flip flop who is set and reset by U21C pin 
7 and FFOUT* respectively. The decoded signal FFIN* will 
then place the cassette information onto D7. 



POWER SUPPLY 

The LNW80 power supply section is designed to power 
both the LNW80 computer board and the LNW expansion board. 

The LNW80 transformer is 9 volts AC rated at 4 amps 
and 18 volts AC rated at 2 amps. The unregulated AC voltage 
of the transformer is rectified by CR17 and filtered by the 
15,000 ufd capacitor. This capacitor must be located 
somewhere off the LNW80 board. Q3, Q7 , Q8 , Q9 , and Q10 
provide the regulated +5 volt supplies. All +5 volt outputs 
are connected through diodes to a summing point at thte 
anode of Q12. If any of these voltages exceeds 
approximately 6.2V then CR24 will begin to conduct. While 
the gate of Q12 remains unchanged, the anode voltage will 
begin to rise higher than the gate. This will cause Q12 to 
begin conducting which will fire SCRl causing Fi to open. 
This overvoltage protection prevents damage to components 
due to high voltage. 

CR15 rectifies the AC signal which is then filtered 
by CI 21. Q4 regulates thte voltage to +12 volts. If the 
voltage at JP9 exceeds 13 volts, CRll will begin to conduct. 
While the gate of Q6 remains unchanged, the anode will rise 
above the gate voltage. This will cause Q6 to begin 
conducting and result in turning SCR2 on and F2 will open. 

R138 limits the current, C137 provides DC blocking 
and CR19 and CR16 provide a voltage doubler. Qll will then 
provide a -12 volt regulated output which supplies both the 
LNW80 computer and expansion board. 

The voltage at the negative lead of C131 is 

regulated by R133 and CR14 and it is then filtered by C130. 

This -5 volts is used both for the LNW80 computer and 
expansion board. 
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THEORY OF OPERATIONS 
EXPANSION BOARD 

The Expansion board is merely an extension of the 
main computer board. A number of the functions of the LNW80 
Computer are performed on the expansion board. These 
functions include additional memory, real time clock, floppy 
disk controller, parallel printer, and RS232C serial port. 
The expansion bus is a 40 pin connector that contains all of 
the necessary control, data, and address lines necessary for 
operation. 
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LNW80 EXPANSION BUS 

The 40 pin bus is equivalent to the TRS80's 40 pin 
expansion bus. The following are the signals and their 
descriptions for the expansion bus: 



PIN # 



SIGNAL NAME 



DESCRIPTION 



1 


RAS* 


2 


SYSRES* 


3 


CAS* 


4 


A10 


5 


A12 


6 


A13 


7 


A15 


8 


GND 


9 


All 


10 


A14 


11 


A8 


12 


OUT* 


13 


WR* 


14 


INTACK* 


15 


RD* 


16 


MUX 


17 


A9 


18 


D4 


19 


IN* 


20 


D7 


21 


INT* 


22 


Dl 


23 


TEST* 


24 


D6 


25 


A0 


26 


D3 


27 


Al 


28 


D5 


29 


GND 


30 


D0 


31 


A4 


32 


D2 


33 


WAIT* 


34 


A3 


35 


A5 


36 


A7 


37 


GND 


38 


A6 


39 


GND 


40 


A2 



ROW ADDRESS STROBE 

SYSTEM RESET 

COLUMN ADDRESS STROBE 

ADDRESS INPUT 

ADDRESS INPUT 

ADDRESS INPUT 

ADDRESS INPUT 

GROUND 

ADDRESS INPUT 

ADDRESS INPUT 

ADDRESS INPUT 

I/O WRITE STROBE 

WRITE STROBE 

INTERUPT ACKNOWLEDGE 

READ STROBE 

ADDRESS MULTIPLEXER 

ADDRESS INPUT 

DATA BUS 

I/O READ STROBE 

DATA BUS 

MASKABLE INTERUPT 

REQUEST 

DATA BUS 

BUS REQUEST 

DATA BUS 

ADDRESS INPUT 

DATA BUS 

ADDRESS INPUT 

DATA BUS 

GROUND 

DATA BUS 

ADDRESS INPUT 

DATA BUS 

Z80A CPU WAIT 

ADDRESS INPUT 

ADDRESS INPUT 

ADDRESS INPUT 

GROUND 

ADDRESS INPUT 

GROUND 

ADDRESS INPUT 
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MEMORY EXPANSION 

The Expansion Board contains 16 additional 4116 type 
RAM chips at U42-49 and U53-60. U37 and U38 (LS24i«s) are 
used to multiplex the address lines. U34 and U35 are used 
to buffer the data lines both input and output. 

RAS* is buffered to all of the RAMs while CAS* is 
gated by U29 with 48KRAMEN* and 32KRAMEN*. When the CPU 
wishes to access the upper memory it places an address from 
7FFF to FFFF on the expansion bus. The address is decoded 
at U30. When A15 and A14 are high and RAS* is low, 
48KRAMEN* (U30-7) will go low enabling CAS* to the upper 
bank of memory,, when A15 is high and A14 and RAS* are low, 
32KRAMEN* (U30-6) will go low enabling CAS* to the lower 
banko 

The data bus is buffered by U34 and U35. These buffers 
will pass data from the memory onto the data bus when pin 1 
of U34 and U35 is low. 32KRAMEN* and 48KRAMEN* are fed into 
Ull pins 2 and 1 respectively. When either goes low the 
output (Ull-3) will go low. This signal is used to gate RD* 
through U29 pins 9 and 10 respectively. U29-8 is then fed 
into U34 and U35 and is used to enable memory data onto the 
data bus. U34 and U35 is tied to gnd thus enabling data 
from the data bus to the data input of the memory array at 
all times. 

For further information on the operation of 4116 type 

dynamic rams refer to the section on program memory in the 

theory of operations of the LNW80 computer board. 



FLOPPY CONTROLLER AND PRINTER DECODING 

U19 is used to decode the various signals involved 
in the floppy disk and parallel printer circuits. All 
addresses memory mapped within the range 37E0 to 37EC (HEX) 
are decoded through U19. 

When the CPU places an address in this range on the 
address bus RAS* (U30-1) will go low indicating a valid 
address. All of the inputs to U31 will go high resulting in 
a logic "0" at U31-8. All, A14, and A15 will be low such 
that all of the inputs to U30, pins 1,2,3,13, and 14, will 
be low. U30-4will go low enabling U30-12 which will also go 
low. U30-12 is used to enable the outputs of U19 which 
effectively produces a "double" 2/4 line decoder 
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ADDRESS 






FUNCTION 


DECODE 


WR* 


RD* 


:====================== 


=========== 


======= 


===== 


INTERUPT RESET 


37E0H 


1 





N/C 


37E4 


1 





PRINTER STATUS READ 


37E8 


I 





FLOPPY READ 


37EC 


1 





MOTOR ON/DRIVE SELECT 


37E0 





1 


CASSETTE 


37E4 





1 


PRINTER WR STROBE 


37E8 





I 


FLOPPY WRITE 


37EC 





1 



The outputs of UI9 are used as control signals for 
both the Floppy Controller and the Parallel Printer 
Interfaces. Explanations of these signals and the addresses 
that decode them may be found below: 



PIN# 

7 
6 
5 

4 

9 
10 
11 
12 



PARALLEL LINE PRINTER PORT 

The expansion board contains an interface to the 
Radio Shack/Centronic Printer. This Printer Interface 
consists of an eight bit output port and a four bit input 
port. 

This I/O port is accessed by either writing or 
reading from address 37E8 Hex. This address is decoded at 
U30, U31, and U19. 

When reading the memory address 37E8, the printer 
status is read through U3 . Only the 4 most significant data 
bits contain valid information. The meaning of each data 
bit is as follows: 



Data Bit Printer Status 



D7 Printer Busy 

D6 Paper Empty 

D5 Unit Select 

D4 Fault 



The Radio Shack's parallel printer has wire ORed 
internally, the printer busy status, and the paper empty 
signal. When using the Radio Shack/Centronic Printer, only 
one of these two bits, D6 or D7 , needs to be checked. The 
printer busy indication is issued by asserting a logic "1". 
When this occurs, the paper empty status will also be a 
logic "1". The unit select and fault status bits are not 
used by the Radio Shack's printer. 
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A write to memory location 37E8 will load the output 
latch U4 and U5 to the line printer's internal data buffer 
and also generate a signal through U7 called DATA STROBE 
(U7-4). DATA STROBE will be a low-going pulse of 
approximately 
1 ,5us. 

The Radio Shack's printer is set up to recognize the 
following control characters for the line feed and carriage 
return: 



Character Function 



0A(Hex) Line Feed 

0D Carriage Return 



When either of these control characters are received 
by the printer, the printer will assert a logic "1" at the 
printer busy status. 



CLOCK CIRCUIT 

The Expansion Board Main Clock is a 4 MHz 

oscillator, utilizing Yl and U18 to form a series resonant 
circuit. The 4MHz clock is input to U9-14 and U24-2. 

U9 provides a divide by 2 resulting in a 2 MHz clock 
at U9-12, which is then input to U22-3 which again divides 
by 2 resulting in the 1 MHz clock input to the FLOPPY 
CONTROLLER (U14). 

U24 effectively produces a divide by 13 of the 4 MHz 
clock resulting in a 307 KHz clock at U24-11. This is used 
to clock U25, a 4 bit binary counter. Its output produces 4 
of the 8 baud rates used for the SERIAL INTERFACE. The 
frequencies of the outputs can be calculated by multiplying 
the baud frequency by 16 for the frequency in Hz. 

U17 is clocked by U25-12 (38.4KHz) and provides a 
divide by 11 resulting in a 3.49KHz clock at U17-11. This 
is input to U10-14, which does a divide by two such that 
U10-12 is a 1.75KHZ clock. 

The 2nd half of U10 is clocked by U25-11 (19.2KHz) 
and does a divide by 8. The outputs of U10 provide the 
other 4 baud rate clock signals. Baud rate clocks will be 
discussed in the section entitled "SERIAL INTERFACE", 
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U10-11 (2.4KHz) is clocked into U9-1 which set for a 
divide by 6 resulting in an output of 400Hz. This is then 
input to U12 which is set for a divide by ten resulting in 
the 40Hz clock signal used to provide the REAL TIME CLOCK. 



FLOPPY DISK INTERFACE 

The function of interfacing to a floppy disk drive 
is performed primarily by the Western Digital's FD1771B-01 
Floppy Disk Formatter/Controller chip. Note that when using 
double density adapters, the "doubler" performs the duties 
of the controller chip. The LNDOUBLER 5/8 will be explained 
in a further section. 

The FD1771, a MOS/LSI device which performs much of 
the housekeeping involved in reading and writing data to and 
from the disk has the following internal features: 

1. Cyclic redundancy check and generation for error 
checking. 

2. Internally seperates disk head outpput into data. 

3. Checks for desired section, check ID field and 
locate it's data address mark. 

4. Accounts for track number of the current 
read/write head position 

The interface to the processor is accomplished 
through the eight Data Access Line (DAL) and the associated 
control signals. 

When reading from the DAL, the address decoder U19-4 
(37EC READ*) will be low enabling U8 and U15 to buffer data 
from U14 to the data bus. U8 and U15 are LS240's, OCTAL 
BUFFERS/LINE DRIVERS/LINE RECEIVERS with inverted 3-state 
outputs. 

When writing from the data bus to the DAL, the 
address decoder UI9-12 (37EC WRITE*) will be low enabling U8 
and U15 to buffer data from the data bus to the floppy 
controller. 
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The least two significant addresses, A0 and AI , are 
decoded by the floppy controller to interpret the selected 
registers of the read and write operations. These registers 
are decoded as follows; 

A1-A0 READ WRITE 









STATUS REG. 


COMMAND REG 





1 


TRACK REG. 


TRACK REG. 


1 





SECTOR REG. 


SECTOR REG. 


1 


1 


DATA REG. 


DATA REG. 



The interrupt request (INTRQ) of the FDC (U14-39) 
indicates the completion or termination of any operation. 
INTRQ presets U22A presenting a high to Ul pins 4 and 5, 
which is reset by reading the FDC Status Register. Reading 
from 37E0H will reset the interupt signal (Ul-6) by clocking 
a low at the output of U22A. 

The FDC requires a 1 MHz clock input to U14-24 which 
is generated from the 4 MHz main clock circuit and is 
explained in the clock discription of the expansion board. 

Drive Selection through Data Lines D0-D3 is clocked 
into U13 by 37E0 WRITE* (U19-9) . This also triggers the 
one-shot, U7A, generating the motor on signal. The drive 
selection is only activated when the motor on signal (U7-5) 
is high. 

When U7-5 is low, clearing U13, a high is generated 
at U11-8. This signal is then inverted at U20-10 providing 
a low command and indicating that the floppy status is 
ready. 

U14-I9 is the MASTER RESET, and is driven by SYSRES* 
from the main computer board. When MR* goes low, the FDC is 
reset and HEX 03 is loaded into the command register and the 
system will proceed to reboot. For further details of the 
internal operations and the programing of the FDC refer to 
the data sheets. 



SERIAL INTERFACE 

The Block Diagram (figure 8) outlines the major 
sections of the Serial Interface. For the following circuit 
description, use the schmatics along with the Block Diagram 
to aid in visualizing the circuit theory. 
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BAUD RATE GENERATION 

In order to provide the receive and transmit baud 
clocks for the UART, the 4 MHz clock is divided down. 
Details of the clock divider circuitry is given in the 
section entitled CLOCK CIRCUIT. 

The Baud Rate is programmed by jumpering 
A,B,C,D,E,F,G, or H to the RX and TX line. (Note that on 
the pre-assembled LNW80 Systems, these have been jumpered 
using two 8-pin dip switches.) These RX and TX lines are 
used by the UART for the RECEIVE and TRANSMIT BAUD CLOCKS. 



TR1602B UART 

The TR1602B Universal Asynchronoous 
Receiver/Transmitter (UART) is the heart of the serial 
interface. It takes parallel data from the CPU BUS and 
converts it to serial data and at the same time can receive 
serial data and convert it to parallel. It has two 
registers which can be read — one for the status and the 
other with received data. It has two registers which can be 
loaded — one with transmit data and the other with control 
information (word length, parity, stop bits). Refer to the 
Data Sheet of the Western Digital TR1602B for further 
details of operation. 

EIA RS232C and 20mA LEVEL SHIFTERS AND DRIVERS 

The serial output of U40 is pin25 (TRQ) . It drives 
U18 for buffering to EIA Driver U61-9 and the 20mA driver 
U50-6. Serial data can be output by U26-10 which drives 
both U50-7 and U61-10. U50, R23, and R24 provide the 20mA 
interface. When U50 conducts it allows about 20mA of 
current to flow (20mA=mark ,0mA=space) . Received serial data 
is brought in to U51-4. U51 is an EIA to TTL receiver. The 
20mA serial input is accomplished by the current to voltage 
conversion of R25 and R26. The TTL received data is fed to 
the Receive Data (RI,U40-20) of the UART and is fed to 
U33-12 to be read as part of the Modem Status Buffer. 

HANDSHAKE LATCH 

U26 is the handshake latch. D0-D2 inputs to U26 
pins 4, 5, and 12 respectively. The latch is loaded when 
OUT EAH (U16-5) goes low which is input to U26-9. The 
outputs of U26 are fed to U61-12,13 and U61-4,5 for level 
conversion to EIA standards. 
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MODEM STATUS BUFFER 

U33 is the modem status buffer. U52, an EIA 
receiver, converts EIA levels to TTL . This is input to U33 
and enabled to the data bus when IN E8H (U16-7) goes low. 
In addition, the Serial Input (TTL) is fed to U33-12 to 
allow the CPU to directly input the serial data. 



CONFIGURATION SENSE JUMPERS 

Jumper wires from K,N,P,M, and J connected to E5 or 
E6 select whether the associated data bit is a "1" or a "0" 
when U28 is enabled onto the data bus. It is enabled by IN 
E9H (U16-6) and is used by serial driver programs so that 
stop bits, parity, and word length can be selected by 
hardware configuration. 



DECODING AND CONTROL LOGIC 

The port address decoding (IN,OUT-E8,E9,EA,EB) is 
accomplished by U41 and U16. U41 decodes the upper 6 bits 
(E8) and outputs to the strobe inputs of U16. The lower two 
address bits (A1,A0) feed to the A and B inputs of U16. U16 
is a 2/4 line decoder and its outputs (active low) select 
which port is addressed and whether it is an IN or OUT 
instruction. U23 pins 1 and 2 are driven by INEAH and INEBH 
such that whenever the Receive Register and the Status 
Regiser of the UART are read, U39 drives the data onto the 
data bus. Below is a summary of the address decoding: 

IN E8H - Modum Status Register 

IN E9H - Configuration Jumpers 

IN EAH - UART Status Register 

IN EBH - UART Receive Register, Data Received Reset 

OUT E8H - Master Reset 

OUT E9H - Not Used 

OUT EAH - Control Register Load, Handshake Latch Load 

OUT EBH - Transmit Holding Register Load 
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SERIAL INTERFACE PORT ADDRESSING 



Data 
Bit 


i 

Jumper 
Letter 


Configuration 
Jumpers 


UART Control 

Register 

Handshake Latch 


UART Status 
Register 


L 

Modem Status 
Register 


D7 


J 


Even/Odd Parit: 
l=Even 0=Odd 


'Even/Odd Parity- 


Data Receivec [Clear to send 
l=True pi n 5 DB _25 


D6 


m 


Word Length 1 


Word Length 1 


THRE l=True 


DSR 

Pin 6 DB-25 


D5 


P 


Word Length 2 


Word Length 2 


OverrunError 
l=True 


CD 

Pin 8 DB-25 


D4 


n 


Stop Bit Slct. 
l=2bits,0=lbit 


Stop Bit Slct. 
l=2bits,0=lbit 


Framing Err. 
l=True 


Ring Indctor. 
Pin 22 DB-25 


D3 


k 


Parity Inhibit 
1 disabled par. 


Parity Inhibit 
1 disabled par. 


Parity Error 
l=True 




D2 






Break, Disable 
Transmit Data 






Dl 






Request to Send 
Pin 4 DB-2S 




Receiver In. 
UART Pin 20 


DO 






Data Terminal 

Ready 

Pin 20 DB-25 










in mm 


OUT 0EAH 


IN 0EAH J 


IN J9E8H 



REAL TIME CLOCK 

The 40 Hz Real Time Clock is output from U12-11 and 
used to clock U21B* This clocks a logic "0" to U21-9 which 
presets U21A. This places a logic "1" at U21-5 which is 
input to U29-4 e If U29-4 goes high then its output U29-6 
will go high* U29-6 is inverted through U20 and thus 
presets U22B„ U22-9 goes high and is inverted through Ul 
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which sends a maskable interupt request to the CPU. The CPU 
responds by decoding 37E0RD* at U19-7. 37E0RD* presets 
U21B, clocks a logic "0" into U2IA, and enables the output 
of U3B. If bit D7 is a logic "1", then the RTC generated 
the interupt request. 

The programming of the Real Time Clock can be by DOS 
or in a User's Machine Program. Note the DOS Manual for 
commands. 
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THEORY OF OPERATIONS 
LNDOUBLER 5/8 



The LNDOUBLER 5/8 has as its heart two floppy- 
controller IC's—the FD1771 (single density controller) and 
the FD1791 (single and double density controller). The 
reason that the FD1771 is still needed is that the commands 
are slightly different and the BOOT in the level II Roms 
would not work. The two floppy controllers are tied 
together so that only one of the two can be enabled at one 
time. 



SINGLE/DOUBLE DENSITY OPERATION 

Single density operation is enabled when memory 
location 37EC is written to with data FE . Double density 
operation is enabled when memory location 37EC is written to 
with data FF. 

The controlling signals for single/double density 
operation are DOUBLE* and DOUBLE, U16 pins 9 and 8 
respectively. U5 and U6, open collector inverters, are tied 
together to create an 8-input nor gate whose common output 
is inverted through U7 and again through U12. U12-8 is used 
to clock DAL0* into U16-12. Double density operation is 
selected when DOUBLE and DOUBLE* are high and low 
respectively. 

The signal DOUBLE is input to U10-3, Ull-1, and 
U2-2. When U10-3 is low, the FD1771 is enabled. Ull is used 
to select the STEP, DIRC, WD, and WG signals to be output to 
the Floppy from either the FD1771 or FD1791. When Ull-I is 
low the single density controller outputs will be selected. 
U2 enables VFOE* (U2-3). This signal is input to the WD1691 
and will be explained later. 

The signal DOUBLE* is input to U9-3, U9-37, and 
U8-15. when U9-3 is low, the FD1791 is enabled. U9-37 
enables the FD1791 for double density. And U8-15 enables 
the WD1691 for double density. 

CLOCK CIRCUIT 

_ The LNDOUBLER 5/8 uses a series resonant circuit 
utilizing YI and U12 to provide a 4MHz clock at U12-I2. 
This is then input to U14-13 which performs a divide by 2 
resulting in a 2MHz clock at U14-5. Both the 4MHz and 2MHz 
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clocks are input to U13 pins 5 and 6 respectively. In 5.25" 
operation the 2MHz clock is selected and then divided by 2 
at U14 to become CLKI (U14-9) . In 8" operation the 4MHz 
clock is selected and then divided by 2. CLKI is used to 
clock both the FD1771 and the FD1791 pins 24, and is 1MHz in 
5.25" operation and 2MHz in 8" operation. 



5.25" & 8" SELECTION 

On power up or reset, the LNDOUBLER 5/8 switches to 
5.25" or 8" drive operation depending on the setting of the 
5/8 switch. 

When the 5/8 switch is in the 5 position, U17 will 
be preset upon power up or reset and the control signals 
FIVE (U17-9) and FIVE* (U17-8) will go high and low 
respectively enabling 5.25" operation. When the 5/8 switch 
is in the 8 position U17 will be cleared upon power up or 
reset and FIVE and FIVE* will go low and high respectively 
enabling 8" operation. 

5.25" and 8" operation may also be selected through 
software switching. When memory location 37EE is written to 
with data bits D7=l and D6=l the LNDOUBLER will switch to 8" 
operation. When memory location 37EE is written to with 
data bits D7=l and D6=0 the LNDOUBLER will switch to 5.25" 
operation. 



5.25" & 8" OPERATION 

FIVE* is input to U4-7 through R6 and determines the 
pulse width of the one-shot used for RDIN* (U4-12) . In 8" 
operation RDIN* has a pulse width of approximately 225us. 
In 5.25" operation RDIN* has a pulse width of approximately 
450us. 

FIVE is input to U13-1, an LS158, and is used to 
select the various signals associated with either 5.25" or 
8" operation. 

The inputs to U13 associated with 5.25" operation 
are a 2MHz clock (U13-6) , a 2MHz voltage controlled 
oscillator (U13-10) , and gnd (U13-13). 

The inputs to U13 associated with 8" operation are a 
4MHz clock (U13-5), a 4MHz voltage controlled oscillator 
(U13-I1), and TG43MUX* (U13-14) 



43 



TG43 indicates that the RD/WR head is positioned 
between tracks 44-76 and is valid only during RD and WR 
commands. It is output from the FD1771 and FD1791 as STG43 
and DTG43 respectively. STG43 and DTG43 are then inverted 
through U5, an open collector inverter, and the outputs are 
tied together producing TG43MUX*. In 5.25" operation TG43 
is always enabled. In 8" mode TG43 is enabled only for 
tracks 44-76. 



ANALOG PHASE LOCK LOOP DATA SEPARATION 

U15, an LS629, provides the VCO, voltage controlled 
oscillator frequency of 4MHz (2MHz for 5.25" operation) for 
the WD1691 (U8). In order to guarantee that it is not 
sensitive to power supply variations, VRl (78L05) provides a 
regulated supply to the LS629 and the adjustment controls 
R25 and R26. R25 is a multiturn pot to adjust the frequency 
range and R26 adjusts the bias voltage for the VCO. The 
WD1691 and the 74LS629 make up the ANALOG PHASE LOCK LOOP 
DATA SEPERATION. For further details refer to the data 
sheets supplied in this manual. 



PRECISION WRITE PRECOMPENSATION 

The WD2143 provides an accurate write 
precompensation value according to the adjustment of R24. A 
negative true pulse of the actual precompensation value can 
be observed with an ascilloscope at U8-4. Write 
precompensation is factory aligned to 200ns +/- 25ns and is 
enabled only for double density operation (all tracks 5.25" 
and tracks above 43 for 8"). For further details of the 
interface between the WD2I43 and the WD1691 refer to the 
data sheets. 



WAIT LOGIC 

The "wait" logic circuitry consists of Ul, U2, U6, 
U7, and U18. 

The "wait" logic allows 8" disk drive operation 
under a slow CPU speed. This logic is used by several 
operating systems and is maintained for compatibility 
reasons. 

When the memory location 37EE is written to with 
data bits D7=l and D5=l then the "wait" logic is turned on. 
When memory location 37EE is written to with data bits D7=l 
and D5=0 then the "wait" logic is turned off. 



44 



Although the "wait" logic need not be invoked for 
single density operation for 8" drives at the 1.77MHz CPU 
speed an explanation of its operation follows: 

1. The "wait" logic is turned on 

2. The FDC is initialized and registers set 

3. The command is given to the FDC to read 
or write 

4. The status register is read causing the 
"wait" logic to issue a "wait" to the CPU 
until: 

a. the busy bit in the status register 
goes false 

b. DRQ on the FDC goes true 

c. IRQ on the FDC goes true 

If the condition that removed the "wait" was (a) or 
(b) then the "wait" logic is still "on" but the CPU wait was 
removed until the next time the status register of the FDC 
is read. If the condition that turned off the wait was (c) 
then the wait logic is turned off. 
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TROUBLESHOOTING 



It is not within the scope of this manual to provide 
a complete and detailed procedure for troubleshooting the 
LNW80o But for those with technical experience in digital 
electronics, this section may provide some helpful hints. 

POWER SUPPLY 

The first step in troubleshooting is to check the 
supply voltages* The following voltages should be verified 
at the corresponding test point. 

REGULATED VOLTAGE TEST POINT 

+5V +/- ,3V JP1;JP3;JP5 

+12V +/- .5V JP9 

-12V +/- ,5V JP7 

-5V +/- .3V JP11 

Note that the -5V supply is critical to the RAM's. 
If it is not present damage may occur to those parts. 
Therefore check the -5V supply first. If it is not present 
then disconnect the other supplies before troubleshooting 
further. 

If the fuses continually blow you may disable the 
overvoltage protection by removing the SCR's. But before 
doing so disconnect the power supplies. Be ready to turn 
off power if any component begins smoking. 



VIDEO OUTPUT/ADJUSTMENTS 

After the power supplies have been verified proceed 
to check that there is a video output. If there is a video 
output but it seems unstable or out of sync, then try 
adjusting C140. If that doesn't work then check the video 
divider chain noting in particular the horizontal and 
vertical sync pulses. If there is no video, then first 
check for sync pulses. If all the sync pulses seem correct 
then check the alphanumeric and graphic shift registers. 
Keep in mind that the CPU may be instructing the VIDEO to 
clear the screen. 



SYSTEM CLOCK 

Check that the Z80A has a clock at U2-6. If not 
then follow the circuitry back to find out why. It should 
be either 4MHz (high speed) or l s 77MHz (low speed). 
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CPU/CPU TEST 

There is a method by which you may test the RAM, 
BASIC ROM, VIDEO RAM, and KEYBOARD. This procedure requires 
two computers. One must be a known good 16K level 2 TRS80 
or 16K LNW80. 

A special cable must be created in which A15 is 
inverted from the good board to the bad board to enable the 
good board to take over control. By doing so the bad board 
will be perceived by the good to occupy the upper 32K of 
memory space. 



SPECIAL CABLE 

Materials: 

40 pin cable, 2N3906 transister, 470 ohm resiser 

Procedure: 

Break lines 7 and 8 on the cable. Line 7 corresponds 
to pin 8 on the connector and line 8 corresponds to pin 7 on 
the connector. Pin 8 is ground and pin 7 is A15. Connect 
pin 8 from the good board to the emitter of the transistor. 
Connect pin 7 from the good board through a 470 ohm resistor 
to the base of the transistor. And connect the collector to 
pin 7 of the bad board. Connect the two computers together 
and ohm out the connections to verify proper connection. 

A15 470 ^ A15 BAD BOARD 



GOOD 
BOARD 

ENABLING THE BUS 



S. 



If the bad board was preassembled by LNW RESEARCH 
then no further modifications must be made except pulling 
U2-25 to ground and reducing noise on the MUX line by 
placing a parallel combination of a 180 ohm resister and a 
330 pf capacitor from U18-5 to ground. 

If the bad board was purchased as a bare board and 
built as a kit then the following modifications must also be 
made: lift the pins of U36-3 and U46-5; jumper U36-12 to 
U18-7, U18-9 to U18-14, and U18-5 to U18-15. 
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CPU TO CPU TEST PROGRAM 



5 CLS:PRINT"CPU TO CPU TEST" : PRINT:PRINT:PRINT 
10 INPUT"TEST ROM,RAM,VID,KEY";ZX$ 
20 IF ZX$="ROM" THEN 100 ELSE IF ZX$="RAM" THEN 200 

ELSE IF ZX$="VID" THEN 300 ELSE IF ZX$="KEY" THEN 400 

30 GOTO10 
100 INPUT"SELECT ROM NUMBER (A ,Al ,B , CI , ALL , LOOP) " ; ZX$ 

105 C=-32767 

110 IF ZX$="A" THEN 120 ELSE IF ZX$="A1" THEN 121 ELSE 
IF ZX$="B" THEN 122 ELSE IF ZX$="Bl" THEN 123 ELSE 
IF ZX$="C" THEN 124 ELSE IF ZX$="C1" THEN 125 ELSE 
IF ZX$="ALL" THEN 126 ELSE IF ZX$="LOOP" THEN 127 
ELSE 10 

120 Y=0:GOTO150 

121 Y=2048:GOTO150 

122 Y=4196;GOTO150 

123 Y=6144:GOTO150 

124 Y=8192:GOTO150 

125 Y=10240:GOTO150 

126 FOR X=-32767 TO -20480:IF PEEK (X)=PEEK (Y) THEN 130 
ELSE 140 

127 INPUT ! 'LOCATION DESIRED (DECIMAL 0-12287) "; Z :LET 
Z=Z-32768 

128 ?PEEK(Z);G0T0128 

130 ?Y:Y=Y+1:NEXTX:PRINT"TEST COMPLETE" :GOTO10 
140 PRINT"TEST FAILED" :PRINT"LOC. EXPECTED ACTUAL": 
PRINT Y,PEEK (Y) f PEEK (X) :Y=Y+1 : STOP: NEXTX 

150 A=Y+C:B=A+2047:FOR X=A TO B:IF PEEK (X) =PEEK (Y) THEN 130 
ELSE 140 

151 ?Y:Y=Y+1;NEXTX:?"TEST COMPLETE" :GOTO10 

200 Y=170sFOR X=-16384 TO -l:POKE X,170:IF PEEK(X)=170 THEN 

NEXT X ELSE 220 
210 Y=85sFOR X=-16384 TO -IsPOKE X,85:IF PEEK(X)=85 THEN 

NEXT X ELSE 220 
215 ?"TEST COMPLETE" :GOTO10 
220 ?"TEST FAILED": ?"LOCo EXPECTED ACTUAL": 

? X+32768,Y,PEEK(X) :STOP:NEXTX 
300 Y=0:FOR X=-17408 TO -16385: ?X+32767:POKEX,Y:Y=Y+l: 

IFY=192 THEN Y=0 
302 NEXTX 
310 Y=0:FOR X=-17408 TO -16385: 7X+32767: Z (3) =0 :GOSUB600 : 

IF Z(1)=Y THEN 320 ELSE 350 
320 Y=Y+1:IF Y=192 THEN Y=0 
322 NEXTX: ?"TEST COMPLETE" :GOTO10 
3 50 ?"VIDEO RAM FAILED TEST"s?"LOC. EXPECTED ACTUAL": 

?X+32768,Y,PEEK(X) :Y=Y+1:IF Y=192 THEN Y=0 
351 NEXT X:?"TEST COMPLETE":GOTO10 
400 ?PEEK (-18177) :GOTO400 
600 Z(3)=Z(3)+lsZ(l)=PEEK(X):Z(2)=PEEK(X)sIF Z(1)=Z(2) 

THEN RETURN ELSE IF Z(3)=25 THEN RETURN ELSE 600 
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CPU/CPU TEST PROGRAM 

The previously listed program will enable you to 
test the program RAM, ROM, LORES VIDEO RAM, and KEYBOARD on 
the "bad" board. Remember that the bad board will be 
perceived by the good board from locations 32768 to 65535= 
Remember also that writing to or reading from the upper 32K 
requires that you use negative numbers. The following is a 
simple formula for translating the actual location to the 
location to be poked to peeked: 

POKE OR PEEK ADDDRESS = ACTUAL ADDRESS - 32768 

The simplest procedure for loading this program is 
to type it in and save to cassette. This will prevent you 
from having to retype it if the system crashes. Connect the 
two computers together, power up the good board and load 
level 2 basic. Then load the program from cassette and then 
turn on the power on the bad board. The program will not 
load if the power to the bad board is already on. 

The program will display a simple menu. Respond 
with ROM and the program will ask you whether you wish to 
test ROM A1 , A, B1 , B, C1 , C, or all. You may also loop on 
any one location. The way the ROM test works is that it 
peeks the same location on both the good and the bad board 
and compares. Note that if you are using a TRS80 as your 
"good" board then some of the ROM locations will disagree. 
You may continue by typing "CONT". 

The RAM part of the CPU test pokes data=170 to all 
16K of the program RAM and peeks those locations to verify. 
Then data is set equal to 85 and the process repeats itself. 
These values are selected because they represent two 
patterns of alternating "ones" and "zeros" in binary. The 
entire RAM test takes about 5 minutes. Upon completion the 
program will respond with "TEST COMPLETE". 

The video part of the CPU test first writes to every 
location. You may observe this by connecting the CRT to the 
bad board. Afterwards it reads back to verify that the 
correct information was stored. An occasional error may 
occur due to noise. A good signal to loop on while 
accessing the video memory is "CPUACC*" (U139-1). 

The KEYBOARD part of the CPU test will loop 
continuously peeking a keyboard address. For this part of 
the test you must connect a kybd to the "bad" board. With 
no keys depressed zero's should be displayed on the CRT. 
When a key is depressed the value displayed should 
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correspond to a "1" at the data bit which corresponds to 
that particular key. Refer to the kybd schematic To 
escape the KYBD test you must depress the break key on the 
"good" board. 

If there is a failure you may loop at the location 
of the failure and trigger on the appropiate enabling signal 
to verify that the data and address are correct. Two sample 
programs are: 

1 A=PEEK (-32768) :G0T01 
1 POKE -16384, 0:GOTO1 

The 1st program will loop on a read of the 1st location of 
ROM. The 2nd will loop on a write to the 1st location of 
RAM with data egual to zero. In the 1st case you should 
trigger on ROMRD* (U66-6) . In the 2nd case, trigger on CAS* 
(U96-15). 

If you have verified that the ROM, RAM, VID RAM, and 
KYBD sections are good then you may assume that the problem 
is in the CPU section. All you can do is check to see that 
all the control lines, address lines, and data lines are 
functioning. If the CPU is "hanging up", ie. getting locked 
on a RD*, you may "trick" it by lifting the RD* and MREQ* 
lines on the Z80A. 



"SCOTCH TAPE TRICK" 

Sometimes the CPU/CPU test will not work because 
connecting to the "bad" board causes the good board to 
hang-up. An example of this would be if any of the critical 
bus lines were shorted. You may be able to determine which 
line or lines are causing the problem by covering the 40 pin 
connector with scotch tape and removing it pin by pin. If 
removing the scotch tape from a pin causes the good board to 
hang-up then you may assume that something is either shorted 
to that line, driving that line, or possibly loading that 
line down. 



HI RESOLUTION GRAPHICS 

The HRES GRAPHICS can be tested by running the HRES 
GRAPHICS TEST on the following page. If the program fails 
you must troubleshoot the associated circuitry. There is no 
easy way to loop on the HRES GRAPHICS RAM to see if the 
address and data are correct. You may allow the test 
program to continue without stopping by deleting line 220. 
While the program is running you can check the signals with 
an oscilloscope to see that they are active. If the 
program 
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is writing to two or more lines at a time you may assume you 
have an addressing problem. If no data is being written 
check the write line. If after running, the CRT does not 
display an eighty character screen check HRES (55-5). If 
the test does not fail but the information on the screen 
seems incorrect check the shift register at U127. 



10 REM HIGH RESOLUTION GRAPHICS TEST 

20 REM CASSETTE VERSION 

30 CLS 

40 PRINT"LNW RESEARCH HRES GRAPHICS TEST" 

50 FOR Z=0 TO 1000 

60 NEXT Z 

70 OUT 254,2 

80 FOR X=32512 TO 32533 

90 READ D 

100 POKE X,D 

110 NEXT X 

120 POKE 16526. 0:POKE 16527,127 

125 LET Y=l 

130 FOR Z=0 TO 4 

140 REM NOW POKE DATA TO BE OUTPUT TO USR ROUTINE 

150 POKE 32522, Y 

155 GOSUB 170 

160 LET Y=Y*2 

161 NEXTZ 

162 LET Y=0 

166 POKE 32522,0 

167 GOSUB 170 

168 PRINT "ALL MEMORY LOCATIONS TESTED" 

169 END 

170 FOR X=0 TO 16383 
180 A=USR(X) 

190 LET A=A AND 63 

200 IF A=Y THEN GOTO 230 

205 PRINT"MEMORY LOCATION FAILED TO READ OR WRITE 

CORRECTLY" 

207 PRINT"ADDRESS EXPECTED DATA ACTUAL DATA" 

210 PRINT X;Y;A 

220 STOP 

230 NEXT X 

240 RETURN 

270 DATA 205,127,10,219,254,246,8,211,254,54,0,0,110,38,0 

280 DATA 230,247,211,245,195,154,10 
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COLOR GRAPHICS TEST AND ADJUSTMENTS 

loRun "COLOR BAR TEST PROGRAM" and wait for it to complete. 
2.Measure the voltage at pin 6 of U146. Record this value, 

it should be between 1.25 and 1.75 volts. 
3. While measuring the voltage at pin 5 of U146 adjust R99 
so 

that the voltage is the same as the recorded value. 
4. While measuring the voltage at pin 7 of U146 adjust R98 
so 

that the voltage is the same as the recorded value. 
5. Adjust R94 for best picture. Note that this effects the 

luminance level and be observed at pin 9 of U146. The 

observed level should be between .75 and 1.1 volts. 



10 REM COLOR BAR TEST PROGRAM 

20 REM CASSETTE VERSION 

30 REM THIS TEST SHOULD GENERATE THE FOLLOWING COLORS: 

35 REM WHITE GREEN YELLOW RED MAGENTA BLUE BLUE-GREEN BLACK 

36 CLS;PRINTCHR$ (23) 

40 PRINT "LNW RESEARCH COLOR BAR TEST" 

45 REM DELAY BEFORE STARTING TEST 

50 FOR Z = TO 1000 

60 NEXT Z 

70 OUT 254,4 

72 FOR X=15360 TO 16383 

74 POKE X,255 

76 NEXT X 

80 FOR X=32512 TO 32533 

90 READ D 

100 POKE X,D 

110 NEXT X 

120 POKE 16526, 0:POKE 16527,127 

125 FOR X=0 TO 12288 

130 FOR Y=0 TO 7 

135 FOR Z=0 TO 7 

150 POKE 32522, Y*9 

180 A=USR(X) 

190 LET X=X+1 

200 NEXT Z 

210 NEXT Y 

220 LET X=X-1 

230 NEXT X 

240 END 

270 DATA 205,127,10,219,254,246,8,211,254,54,0,0,110,38,0 
280 DATA 230,247,211,254,195,154,10 
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TROUBLE-SHOOTING THE EXPANSION INTERFACE 



If connecting the expansion interface to the main 
computer board causes the system to lock up refer to the 
"SCOTCH TAPE TRICK" in the previous section. 



POWER SUPPLY 

As stated previously, the first step in 
trouble-shooting is to verify the power supply. So proceed 
to verify the following voltages at the following reference 
points: 



REGULATED VOLTAGE 


TEST POINT 


+5V +/- .3V 


JP2, JPH 


+12V +/- .5V 


JP12 


-12V +/- .5V 


JP10 


-5V +/- ,3V 


JP8 



Note that the -5V supply is critical to the RAMs. 
If it is not present damage may occur to those parts. 



32K MEMORY EXPANSION 

The same procedure as used in the CPU/CPU TEST may 
be used to trouble-shoot the additional 32K of program 
memory. A sample program to test the memory is: 

10 Y=170 

20 FOR X=-32767 TO -1 

30 POKE X,Y 

40 A=PEEK(X) 

50 IF A=Y THEN NEXT X ELSE 60 

51 Y=85:Z=Z+1 :IF Z=2 THEN 55 ELSE 20 
55 PRINT"TEST COMPLETE" :ST0P 

60 PRINT"L0CATI0N", X+65536; "ACTUAL" ,A; "EXPECTED", Y 
70 STOP 
80 NEXTX 

Before running this program "set" the memory size to 
32767. This will prevent the program from being stored in 
the upper 32K of memory. If there is a failure you may PEEK 
or POKE at that location using a simple loop statement. By 
triggering on CAS* you may verify that the correct address 
and data are present. Remember that the following 
relationship exists between the actual location and that 
poked or peeked: 

ACTUAL ADDRESS = POKE OR PEEK ADDRESS + 65536 



53 



FLOPPY DISK CONTROLLER 

If the FDC is not working, check that the 1MHz clock 
input to U14-24 is present. Check that when reset MR* 
(U14-19) goes low* If the motor on the drive does not go 
on, or if it stays on continuously then the problem may be 
related to U19 or U7. Note that if the motor stays on 
continuously the problem is likely to be a reversed floppy 
cable. By looping on POKE and PEEK statements and checking 
with an oscilloscope you may verify that the decoder at U19 
is operating correctly. Follow the interupt logic from 
U14-39 to Ul-6. Verify that U13 is selecting drive and 
that U14-23 goes high indicating that the status register is 
ready. Check the gates of Ul , U2, and U6 to see that 
they're inverting their inputs. Remember that these are 
7438 s s (open collector) and that the outputs must be pulled 
up by the disk drive. 



RS232 HANDSHAKING 

To test the handshaking short the following points 
together on J2: 

J2-4 to J2-5 to J2-6 
and J2-8 to J2-20 to J2-22 



Load the following progra 



m; 



10 FOR Y=0 TO Y=3:OUT234,Y:A=INP(232) 

20 PRINT "Y=";Y,"A=";A:NEXTY 

30 PRINT"FOR Y=0, A SHOULD BE 0000XXXX BINARY" 

40 PRINT "FOR Y=l, A SHOULD BE 1100XXXX BINARY" 

50 PRINT"FOR Y=2, A SHOULD BE 0011XXXX BINARY" 

60 PRINT"FOR Y=3, A SHOULD BE 1111XXXX BINARY" 

This program latches data through U26 and back again 
through U33. OUT234 clocks the data out through U26 and 
INP(232) clocks it back through U33. Refer to the 
schematics. 



RS232 SEND/RECEIVE 

To test or troubleshoot the send/receive functions 
oL^ e n.? S ^ 32 r,?° rt i° ad the SERIAL CRT TERMINAL PROGRAM and 
short El to E3. If the serial port is functioning properly 
then as letters are typed on the keyboard they are routed 

III p^ OU9 t " and - then back a 9 ain throu gh El and placed on 
cne t-Ki. it this is not occuring then check U40-25 to see 
if data is being passed out through the UART. If so then 
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10 REM SERIAL CRT TERMINAL PROGRAM-CASSETTE VERSION 

20 REM 

30 REM THIS PROGRAM ALLOWS THE USE OF THE LNW SYSTEM 

40 REM EXPANSION CIRCUIT BOARD AS A CRT TERMINAL. THIS 

50 REM PROGRAM MAY ALSO BE USED FOR TESTING THE SERIAL 

60 REM INTERFACE BY SHORTING El AND E3 TOGETHER 

65 REM 

70 FOR X=28672 TO 28764 

80 READ D 

90 POKE X,D 

100 NEXT X 

110 POKE 16526,0 

120 POKE 16527,112 

130 A=USR(N) 

200 DATA 62,28,205,51,0,62,31,205,51,0,62,14,205,51,0,211 

210 DATA 232,219,233,230,248,246,5,211,234,219,234,203,127 

220 DATA 40,23,219,235,183,40,18,230,127,254,96,250,45,112 

230 DATA 230,95,254,10,40,232,205,51,0,24,227,205,43,0,183 

240 DATA 40,221,254,5,242,73,112,33,88,112,79,6,0,9,126 

250 DATA 254,26,40,204,79,219,234,203,119,40,249,121,211 

260 DATA 235,24,192,3,27,124,127 



10 REM SERIAL PRINTER DRIVER PROGRAM-CASSETTE VERSION 

20 REM 

30 REM THIS PROGRAM ALLOWS THE USE OF A SERIAL PRINTER 

40 REM WITH THE LNW RESEARCH SYSTEM EXPANSION CIRCUIT 

50 REM BOARD. THIS DRIVER PROGRAM IS LEFT IN MEMORY AT A 

60 REM LOCATION WHICH IS UNALTERED BY BASIC AND BY USER 

70 REM PROGRAMS. THE PROGRAM IS EXECUTED DURING EVERY 

80 REM LPRINT AND LLIST FOR EACH CHARACTER TO BE PRINTED 

90 REM HANDSHAKING IS SUPPORTED AS THE SOFTWARE READS 

100 REM THE PRINTER BUSY (DSR) BEFORE OUTPUTING A 

110 REM CHARACTER. NOTE: IN ORDER FOR THIS PROGRAM TO BE 

120 REM EXECUTED, THE LINE PRINTER CONTROL BLOCK AT HEX 

130 REM 4025 TO 4027 MUST BE ALTERED BEFORE PRINTING TO 

140 REM IDENTIFY THE PRINTER TYPE AND DRIVER ADDRESS. 

150 REM THE FOLLOWING LIST GIVES YOU THESE VALUES. 

160 REM 16421D 4025H DCB TYPE 02H 002D 

170 REM 16422D 4026H LSB DRIVER ADDR. 00H 000D 

180 REM 16423D 4027H MSB DRIVER ADDR. 7FH 127D 

190 REM 

200 FOR X=32512 TO 32560 

210 READ D 

220 POKE X,D 

230 NEXT X 

240 POKE 16526,0 

250 POKE 16527,127 

260 A=USR(N) 

300 DATA 245,58,48,127,254,1,40,15,62,1,50,48,127,211,232 

310 DATA 219,233,230,248,246,4,211,234,241,219,232,203,119 

320 DATA 32,250,121,211,235,254,13,32,4,14,10,24,233,201,0 
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proceed to follow the logic until you're back to U40-20 
where the data is received by the UART. If no data is being 
sent or if the data is not correct then return to LEVEL II 
BASIC and using IN and OUT commands enable the decoder at 
U16. Verify with an oscilloscope that the decoder is 
functioning and that the signals are present at their 
destination points. Problems may also occur at U23 and U39, 
especially in relation to incorrect data. 



RS232 BAUD RATES 

On the LNW80, BAUD RATES may only be controlled 
through hardware switches. On the factory assembled models 
this is accomplished through the use of dip switches. If 
there is any problems in the baud rates first check that no 
more than one switch is on at a time. In troubleshooting 
the RS232 check the baud rates with a frequency counter or 
oscilloscope. Refer to the THEORY OF OPERATIONS for the 
expected frequencies. 
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LNDOUBLER 5/8 ALIGNMENT 



DO NOT ATTEMPT ALIGNMENT ON AN LNDOUBLER 5/8 WHICH IS UNDER 
WARRANTY AND APPEARS NOT TO FUNCTION AFTER IT WAS FIRST 
INSTALLED. ATTEMPTING TO DO SO WILL VOID YOUR 180 DAY 
LIMITED WARRANTY 

Alignment should not be necessary for the life of 
the LNDOUBLER 5/8 unless the controls have been tampered 
with or ONE of the following parts has been replaced: VRl, 
IC15, IC3 f IC8, R25, R26, R18 , R13 , Rl , R24 , C10. 

The LNDOUBLER 5/8 may be returned to the factory for 
alignment if required. Contact the Service Department for 
the cost of alignment. For those with the equipment and 
knowhow to do the alignment, the following procedure should 
only be done in the event that returning the LNDOUBLER 5/8 
is a problem AND the LNDOUBLER 5/8 NEEDS ALIGNMENT! 

Equipment Required: 

Digital Voltmeter 1% accuracy >lmegohm input impedance 
Frequency Counter .1% accuracy >lKohm input >5MHz 
Oscilloscope >15MHz bandwidth, triggered 

DO NOT ATTEMPT ALIGNMENT IF YOU DO NOT HAVE ALL THE 
EQUIPMENT LISTED ABOVE!!! 

1. Preset the controls and switch settings: 

a. R26- fully counterclockwise 

b. R24- fully clockwise 

c. SW1- "5" position 

d. R25- does not matter 

2. Install the LNDOUBLER 5/8 into the expanion interface 
and apply power to the interface. 

3. Adjust R26 for 1.40 volts at IC8 pin 13 

4. Adjust R25 for a frequency measurement of 4.00MHz at 
IC15 pin 7 

5. Boot a disk and set up to format a DOUBLE DENSITY DISK, 
While it is writing to the disk, measure with the 
oscilloscope a negative true pulse at IC8 pin 4. Adjust 
R24 for a pulse width of 200ns. This value corresponds 
to the amount of write precompensation. 
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DISASSEMBLY/ASSEMBLY 



The most important part of disassembling the 
computer is to be able to put it back together again. This 
computer has many cables and power connectors and it is 
vital that they be put back together in the same way as they 
are taken apart,, Great care should be taken. Reversed 
cables or connectors may cause either unreliable operation, 
no operation, or even serious damage to electrical and 
electronic components. 

Therefore I strongly advise that some systematic 
method be used to ensure that the cables and connectors be 
put back together in the same way as they are taken apart. 
One method would be to mark both the connector and the 
circuit board with a permanent marking pen. 



REMOVING THE LID 

There are 5 screws holding the lid to the chassis, 3 
on the back panel and 2 in the front beneath the keyboard. 
When removing the lid be careful as the LED is connected to 
the keyboard with wires approximately 8" in length. The LED 
can be removed from the lid by prying the donut shaped 
backing off the LED. Then simply push the LED down and 
remove it. 



REMOVING THE KEYBOARD 

The KEYBOARD is connected by a 40 pin cable and held 
in place by 4 screws into the supporting brackets. To 
remove the 40 pin cable take a firm grip on the plastic part 
and pull straight back taking care not to bend the pins on 
the keyboard. 



REMOVING THE EXPANSION INTERFACE 

The expansion interface is connected by a 40 pin 
cable and a power connector to the main computer board, and 
the cables for the RS232 to the chassis. You may remove the 
EI without disconnecting the RS232 cables, though not 
completely. There are 4 screws connecting the EI to the 
supporting rods. Note that only 3 of these screws have lock 
washers. The forth does not so as to prevent shortinq to 
nearby signals. 
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REMOVING THE LNDOUBLER 5/8 

If you turn the expansion board over you will see a 
small board plugged into it and tied with plastic tie wraps. 
This board is the LNDOUBLER 5/8. To remove the doubler you 
must cut the plastic tie wrap. Then simply pull the doubler 
straight back being careful not to bend the gold pins 
beneath. 



REMOVING THE LNW80 COMPUTER BOARD 

To remove the main computer board you must 1st 
remove the expansion interface. Then unscrew the 4 
cylindrical rods used to support the EI. Note that beneath 
3 of these rods there are small nylon spacers. Remove these 
also. Before you can remove the computer board you must cut 
the tie wraps holding the large orange capacitor to the 
case, disconnect the power connector from the transformer, 
cut the tie wraps on the video connectors, disconnect the 
video cables, and unsolder or cut the wires connecting to 
the auto switch on the back panel. 



REASSEMBLING THE COMPUTER 

If you marked the connectors and paid attention when 
you disassembled the computer you should have little 
difficulty in reassembling it. Merely proceed with the 
above directions in reverse. 
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ECN's- ENGINEERING CHANGE NOTICES 



The following ECN's are not necessary for a 
functional operating computer. If you have a computer that 
simply does not operate-ie. garbage appears on the screen- 
then these changes will not help. These changes have been 
made to improve operation in various areas. Factory 
assembled units have had all or most of these changes 
installed. 

These ECN's refer to making jumpers and etch cuts. 
When making jumpers, use 30 gauge wire (unless otherwise 
specified) and verify that you are connecting the correct 
points. When making etch cuts, use a sharp pointed razor 
knife and be very careful to cut only the etch specified. 

It is advisable to make the appropiate changes in 
the schematics as you install these ECN's. Use a colored 
ink or pencil so that you can clearly see the ECN changes. 



Note: Expansion Board ECN's begin with ECN 2000. 

ECN 1000. These changes enable BUS REQUEST for the LNW80. 

a. etch cuts 

1. U46-5 (solder side) 

2. U152-10 (component side) 

3. U36-12 (component side, above pin 12) 

b. jumpers 

1. U18-5 to U97-1 

2. U18-7 to U89-3 

3. U6-4 to U6-5 

4. U36-3 to U152-10 

ECN 1001. Purpose: To eliminate jitter in the display, 
a. change the following parts: 

PART FROM: TO: 

1. U138 74LS174 74S174 

2. U122 74LS157 74S157 

3. U139 74LS157 74S157 

4. U160 74S161 74LS161 
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b. install the following capacitors: 

1. 330pf ceramic from U37-6 to U37-7 

2. 47pf ceramic from U138-9 to U138-8 



ECN 1002. Purpose: To eliminate screen "hash" from display 
when reading or writing out of text/graphics RAM 
or HIRES Graphics RAM. 

a. etch cuts 

1. U168-6 just above feedthrough below the number 
"1" of the "U168" (component side). 

2. U153-5 (solder side) 

b. jumpers 

1. U153-6 to U170-11 

2. U170-8 to U170-9 

3. U170-12 to U170-1 

4. U170-13 to U121-12 



ECN 1003. Purpose: To reduce "ringing" on the MUX and CAS* 
lines. 

a. install parts 

1. Add a 330 ohm resister from U88-1 to GND. 

2. Add 100 pf cap at R140 (RAM side) to GND. 



ECN 1004. Purpose: To delay GRAS* approximately 20ns 
allowing DRAD0-DRAD5 to stabilize prior to 
GRAS* going active. 

a. Install 150pf ceramic cap from R83 (right side) 
to GND. 



ECN 1005. Purpose: Ensures that the video wait gets to 
the Z80. 

a. change R143 from 4.7K to 470 ohms 

b. remove C138 

c. jumper 

1. U61-3 to U16-9 

2. U16-8 to U29-9 
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ECN 1006. Purpose: To create a wait state for Disk I/O 
to increase reliability at high speed. 

a. add jumper from feedthrough closet to R67 to 
feedthrough at R30. 



R30 



CH_J-00 



R67 



QO 



b. cut etch to U73-1 (component side) 
cut etch to U74-6 (solder side) 

c. jumper U73-1 to U60-7 
jumper U74-6 to U74-5 



ECN 1007. Purpose: To eliminate double clocking at U156-13 
resulting in double vertical display 

a. add 220pf ceramic capacitor from U159-12 
to U159-14 



ECN 1008. Purpose: To eliminate the possibility of heat 

damage to board due to heat resulting from CR17. 

a. remove the Bridge at CR17 from board 

b. mount Bridge on case using case chassis as heat 
sink 

c. connect the 9VAC outputs from the transformer 
directly to the AC inputs of the Bridge 

d. connect the "+" output of the bridge to pin 1 of 
the female molex connector that fits on J5 (use 
19 gauge wire) 

f. connect the "-" output of the bridge to pin 4 of 
the female molex connector that fits on J5 (use 
19 gauge wire) 

g. connect pin 1 of the male molex connector on J5 
to the feedthrough marked "+" within the silk- 
screened area marked for CR17 (use 19 gauge wire) 



62 



ECN 1009. Purpose: to avoid ripple on the -12V supply 
due to heat damage to C1 3 1 and C125. 

a. remove C1 31 and C125. 

b. install a 220 ufd +- 20% 25VDC with the "-" 
leg to the "IN" of Q11 and the "+" leg to 
gnd. 



ECN 1010. Purpose: To improve video stability and to remove 
potentiometers at R98 , R99 , and R129, thereby 
eliminating some of the video adjustments in 
the NTSC color video output. 

a. Change the following components: 

1. R129 from a 10K pot to 4.7K ohms 

2. R98 from a 1K pot to 750 ohms 

3. R99 from a 1K pot to 750 ohms 

4. R124 from 220 to 10 ohms 

5. R94 from a 1K pot to a 2.2K pot 

6. R109 from 2K to 1 .2K ohms 

7. C113 from 220pf to 47pf MICA 

8. U119 from 74S04 to 74LS19 

9. C84 from 100pf to a 10.738MHz CRYSTAL 

NOTE: 10-14 ARE OPTIONAL 

10. U122 from 74S157 to 74LS157 

11. U121 from 74S74 to 74LS74 

12. U124 from 74S74 to 74LS74 

13. U160 from 74S161 to 74LS161 

14. U161 from 74S161 to 74LS161 

b. remove the following parts completely 
1. C140, L2, R62, R63 , and R67 

c. install the following 

1. 15pf ceramic capacitor from bottom side of 
R62 to top side of R63 

2. 20K ohms 1/4W 5% from U103-8 to C140 Cleft side) 

3. 6.8 ufd tant. elect, parallel with R110, with 
the "+" side facing C95. 

d. cut the etch to U119-12 (solder side). 

e. jumper from U1-5 to U103-9. 
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ECN 2000. Purpose: Reduce noise on RAS S , CAS*, RD S , and 
MUX and thereby increase memory reliability. 

a. Regenerate MUX from RAS* 

1 . Verify the removal of all termination resisters 
on J3, also R68 , R&9 , and C14 

2. cut etch near U10 (solder side) such that MUX is 
open circuited from U36-13 to J3-16 

ETCH CUT 
O^OOOOOOOO U1 ° < solder side > 

^SSboooo— pin i 

3. install the following jumpers: 

from U36-14 to U20-3 
from U36-13 to U20-4 

b. Cut etch between the following points: 

1 . R34 and R46 (near J3) 
2. R35 and R47 (near J3) 

c. Install the following components: 

1. 100pf ceramic cap from U36-6 to U36-10 

2. 100pf ceramic cap from U36-15 to U36-10 

3. 330pf ceramic cap from U36-8 to U36-10 

4. 75 ohm resistor from R34 to R46 

5. 75 ohm resistor from R35 to R47 

d. Use J3 when connecting from the main computer to 
the expansion board 
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RGB OPTION 



The following components and jumpers must be installed 
to obtain the RGB video output. 

A. INSTALL THE FOLLOWING COMPONENTS 

RGB VIDEO CONNECTOR- 6 pin din jack 

U131- 74LS257 

U132- 74LS174 

U158- RGB ROM 

C146- 680 pf ceramic cap(from U129-1 to U129-8) 

B. INSTALL THE FOLLOWING JUMPERS 

1. USE 24 GAUGE STRANDED WIRE TO CONNECT TO RGB 
6 PIN DIN JACK 

U162-9 TO RGB-1* VERTICAL SYNC 

U158-1 TO RGB-2 BLUE 

U158-6 TO RGB-3 GREEN 

U158-4 TO RGB-4 RED 

U162-5 TO RGB-5* HORIZONTAL SYNC 

U158-8 TO RGB-6 GROUND 

2. USE 30 GAUGE NON-STRANDED WIRE 

U20-5 TO U162-3 
U118-8 TO U162-5 
U162-4 TO U162-9 
U68-12 TO U158-14 
U68-11 TO U158-13 
U130-12 TO U158-12 
U130-11 TO U158-11 
U130-10 TO U158-10 
U158-15 TO U158-8 

C. INSTALL THE FOLLOWING RESISTORS 

IK ohms from U162-4 to U162-14 
Ik ohms from U162-6 to U162-14 
Ik ohms from U162-8 to U162-14 



* Note that factory built LNW80's are set up for both 
positive horizontal and vertical syncs. Negative sync pulses 
may be obtained by moving the following jumpers: 

RGB-1 from U162-9 to U162-8 
RGB-5 from U162-5 to U162-6 
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Because U162 has open collector gates, a combined negative 
sync may be obtained by setting up for negative syncs and then 
connecting the sync outputs together. 

Because the RGB ROM also has open collector gates it may be 
necessary to install 330 ohm pull-up resistors on it's 
outputs, pins 1, 4, and 6. Note that this is only necessary 
with monitors that do not internally pull up the RED, GREEN, 
and BLUE lines. This is not necessary with the AMDEC COLOR II 
RGB MONITOR. 



RGB CIRCUIT LOGIC DIAGRAM 
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PARTS LIST 
LNW80 COMPUTER BOARD 



SYMBOL 


DESCRIPTION 


PART NUMBER 




PRINTED CIRCUIT BOARD 


97002 


*****INTEGRATED CIRCUITS***** 



U1 
U2 

U3 
U4 

U5 

U6 

U7 

U8 

U9 

U10 

U11 

U12 

in 3 

U14 
U15 
U16 
U17 
U18 

U19 
U20 
U21 
U22 
U23 
U24 
U25 
U26 
U27 
U28 
U29 
U30 

U31 
U32 

U33 
U34 
U35 
U36 

U37 
U38 
U39 
U40 



74S04 

Z80A 

74LS244 

74LS241 

74LS373 

74LS138 

not used 

74LS175 

75452 

not used 

not used 

not used 

not used 

not used 

74LS32 

74LS05 

74LS241 

74LS244 

74LS11 

74C86 

TL084 

not used 



used 
used 
used 
used 
used 



not 

not 

not 

not 

not 

74LS08 

74LS08 

74LS05 

74S74 

74LS241 

74LS30 

74LS240 

74LS139 

74LS32 

74C04 

74LS132 

not used 

not used 



10003 
10042 
10061 
10031 
10032 
10020 

10028 
10036 



10012 
10006 
10031 
10061 
10009 
10015 
10041 



10007 
10007 
10006 
10014 

10031 
10011 
10030 
10021 
10012 
10002 
10019 
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SYMBOL 



DESCRIPTION 



PART NUMBER 



U41 
U42 
U43 
U44 
U45 
U46 

U47 
U48 
U49 
U50 

U51 

U52 

U53 
U54 
U55 
U56 
U57 
U58 
U59 
U60 
U61 
U62 
U63 
U64 

U65 
U66 

U67 
U68 
U69 
U70 
U71 
U72 
U73 
U74 

U75 
U76 
U77 
U78 
U79 
U80 

U81 
U82 

U83 
U84 

U85 
U86 

U87 
U88 
U89 
U90 
U91 



not used 

not used 

not used 

not used 

not used 

74S74 

74S74 

74LS04 

not used 

74LS04 

74LS00 

74LS10 

74LS244 

74LS139 

74LS08 

not used 

not used 

not used 

not used 

74LS00 

74LS02 

74LS244 

74LS244 

not used 

74LS244 

74LS32 

74LS175 
74LS02 
not used 
not used 
not used 
not used 
74LS138 
74LS30 
ROM A1 
ROM B1 
ROM C1 
ROM A 
ROM B 
ROM C 
74LS08 
74LS86 

74LS153 
74166 
74LS10 
SPARE 

ns]6) 

74LS157 
4116 (200ns) 
4116 (200ns) 
4116 (200ns) 



10014 
10014 
10004 

10004 
10000 
10008 
10061 
10021 
10007 



10000 
10001 
10061 
10061 

10061 
10012 
10028 
10001 



10020 
10011 
10040 
10040 
10040 
10040 
10040 
10040 
10007 
10016 

10022 
10026 
10008 

10025 
10023 
10039 
10039 
10039 
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SYMBOL 


DESCRIPTION 


U92 


4116 (200ns) 


U93 


4116 (200ns) 


U94 


4116 (200ns) 


U95 


4116 (200ns) 


U96 


4116 (200ns) 


U97 


74LS157 


U98 


74LS374 


U99 


74LS373 


U100 


2716 CHAR GEN 


U101 


74166 


U102 


74LS20 


U103 


74S175 


U104 


74S74 


U105 


74LS157 


U106 


4116 (200ns) 


U107 


4116 (200ns) 


U108 


4116 (200ns) 


U109 


4116 (200ns) 


U110 


4116 (200ns) 


U111 


4116 (200ns) 


U112 


74LS157 


U113 


SPARE 


U114 


2114 (450ns) 


U115 


2114 (450ns) 


Ul 16 


74LS174 


U117 


74LS174 


U118 


74LS04 


U119 


74S04 


U120 


74LS123 


U121 


74S74 


U122 


74S157 


U123 


not used 


U124 


74S74 


U1 25 


74LS373 


U126 


74LS174 


U127 


74166 


U128 


74LS174 


U129 


74LS257 


U130 


NTSC COLOR ROM 


U131 


not used 


U132 


not used 


U133 


74123 


U134 


not used 


U135 


not used 


U136 


not used 


U137 


74LS04 


U138 


74S174 


U139 


74S157 


U140 


74LS157 


U141 


74LS374 


U142 


74LS157 


U143 


74LS374 



PART NUMBER 

10039 
10039 
10039 
10039 
10039 
10023 
10033 
10032 
10065 
10026 
10010 
10029 
10014 
10023 
10039 
10039 
10039 
10039 
10039 
10039 
10023 

10063 
10063 
10027 
10027 
10004 
10003 
10018 
10014 
10044 

10014 
10032 
10027 
10026 

10027 
10045 
10046 



10017 



10004 
10043 
10044 
10023 
10033 
10023 
10033 
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SYMBOL 


DESCRIPTION 




PART NUMBER 


,„«»„ «»„»„««,«,==«»•••« 


.———«._•.«_•••••— •>- 


>..••••.... 


,_—>••—_—__—••>••— 


U144 


74LS157 




10023 


U145 


74LS157 




10023 


U146 


MC1372 




10037 


U147 


not used 






U148 


not used 






U149 


not used 






U150 


not used 






U151 


74LS32 




10012 


U152 


74LS32 




10012 


U152 


74LS32 




10012 


U153 


74LS74 




10013 


U154 


74LS20 




10010 


U155 


74S74 




10014 


U156 


74LS393 




10035 


U157 


SPARE 






U158 


RGB ROM (optional) 


10049 


U159 


74LS10 




10008 


U160 


74LS161 




10024 


U161 


74S161 




10025 


U162 


7405 




10005 


U163 


not used 






U164 


not used 






U165 


not used 






U166 


not used 






U167 


74LS161 




10024 


U168 


74LS08 




10007 


U1 69 


74LS11 




10009 


U170 


74LS02 




10001 


U171 


74LS32 




10012 


U172 


SPARE 






>***RESISTORS (1/4 


watt, 5% unless 


otherwise 


indicated)**** 


R1 


150 ohm 




20007 


R2 


680 




20030 


R3 


4.7K 




20036 


R4 


680 




20030 


R5 


4.7K 




20036 


R6 


4.7K 




20036 


R7 


220 




20010 


R8 


220 




20010 


R9 


4.7K 




20036 


R10 


1K 




20016 


R11 


1K 




20016 


R12 


10K 




20021 


R13 


1K 




20016 


R14 


4.7K 




20036 


R15 


1K 




20016 


R16 


330 




20012 


R17 


120 




20006 


R18 


1.8K 




20033 
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SYMBOL DESCRIPTION PART NUMBER 

R19 270 20027 

R20 10K 20021 

R21 75 20004 

R22 47 20003 

R23 100 20005 

R24 1K 20016 

R25 180 20009 

R26 not used 

R27 20K 20022 

R28 3.6K 20019 

R29 1K 20016 

R30 4.7K 20036 

R31 10 20025 

R32 10K 20021 

R33 1.2K 10017 

R34 7.5K 20020 

R35 7.5K 20020 

R36 1K 20016 

R37 220K 20024 

R38 20K 20022 

R39 20K 20022 

R40 1.8K 20033 

R41 4.7K 20036 

R42 3K 20035 

R43 10 20025 

R44 20K 20022 

R45 4.7K 20036 

R46 10K 20021 

R47 4.7K 20036 

R48 10K 20021 

R49 10K 20021 

R50 33 20026 

R51 33 20026 

R52 4.7K 20036 

R53 10K 20021 

R54 10K 20021 

R55 33 20026 

R56 33 20026 

R57 1K 20016 

R58 33 20026 

R59 33 20026 

R60 33 20026 

R61 33 20026 

R62 150 20007 

R63 470 20014 

R64 200K 20023 

R65 33 20026 

R66 33 20026 

R67 470 20014 

R68 4.7K 20036 

R69 100 20005 
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SYMBOL DESCRIPTION PART NUMBER 

R70 33 20026 

R71 33 20026 

R72 33 20026 

R73 33 20026 

R74 33 20026 

R75 1K 20016 

R76 33 20026 

R77 33 20026 

R78 1K 20016 

R79 1K 20016 

R80 56K 20038 

R81 1K 20016 

R82 1K 20016 

R83 33 20026 

R84 1K 20016 

R85 910 20032 

R86 470 20014 

R87 270 20027 

R88 910 20032 

R89 270 20027 

R90 910 20032 

R91 390 20029 

R92 1.2K 20017 

R93 470 20014 

R94 1K POT 21000 

R95 470 20014 

R96 1K 20016 

R97 220 20010 

R98 1K POT 21000 

R99 1K POT 21000 

R100 470 20014 

R101 470 20014 

R102 470 20014 

R103 470 20014 

R104 470 20014 

R105 1.5K 20018 

R106 5.6K 20037 

R107 4.7K 20036 

R108 360 20028 

R109 2K 20034 

R110 47 20003 

R111 470 20014 

R112 75 20004 

R113 not used 

R1 14 not used 

R115 1.5K 20018 

R116 3.6K 20019 

R117 750 20031 

R118 330 20012 

R119 not used 
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SYMBOL 



DESCRIPTION 



PART NUMBER 



R120 
R121 
R122 
R123 
R124 
R125 
R126 
R127 
R128 
R129 
R130 

R131 
R132 
R133 
R134 
R135 
R136 
R137 
R138 
R139 
R140 
R141 
R142 
R143 
R144 
R145 



used 
used 
used 



used 
used 
used 
used 

POT 



not 

not 

not 

1K 

220 

not 

not 

not 

not 

10K 

1K 

100 

1K 

430 

3.3 

1K 

33 

1K 

1 ohm 1 

150 ohm 

100 

1K 

1K 

4.7K 

50K POT 

100K POT 



ohm 1 watt 



watt 
1 watt 



20016 
20010 



21001 
20016 
20005 
20016 
20013 
20002 
20016 
20026 
20016 
20001 
20008 
20005 
20016 
20016 
20036 
21003 
21004 



****CAPACT0RS (CERAMIC 25V+- 20% UNLESS OTHERWISE NOTED**** 



C1 
C2 

C3 
C4 
C5 
C6 
C7 
C8 

C9 

C10 

C11 

C12 

C13 

C14 

C15 

C16 

C17 

C18 

C19 

C20 

C21 

C22 



47pf 

,1ufd 

.1ufd 

.1ufd 

,1ufd 

,1ufd 

.1ufd 

10ufd 

15VDC 

.01ufd 

,01ufd 

.1ufd 

.1ufd 

.1ufd 

.1ufd 

.1ufd 

.1ufd 

.1ufd 

.1ufd 

.1ufd 

.1ufd 

.001ufd 

.022ufd 



ELECT. 
AXIAL MOUNT 



POLY FILM 
MYLAR 25V 



30000 
30010 
30010 
30010 
30010 
30010 
30010 
32002 

30009 
30009 
30010 
30010 
30010 
30010 
30010 
30010 
30010 
30010 
30010 
30010 
30100 
30101 
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SYMBOL 

C23 
C24 
C25 
C26 
C27 
C28 
C29 
C30 

C31 
C32 

C33 
C34 
C35 
C36 
C37 
C38 
C39 
C40 

cm 

C42 
C43 
C44 
C45 
C46 
C47 
C48 
C49 
C50 
C51 
C52 
C53 
C54 
C55 
C56 
C57 
C58 
C59 
C60 
C61 
C62 
C63 
C64 
C65 
C66 
C67 
C68 
C69 
C70 

C71 
C72 
C72 

C73 
C74 



DESCRIPTION 






PART NUMBER 


.047ufd MYLAR 




30103 


.001ufd POLY FILM 




30100 


.1ufd 






30010 


.1ufd 






30010 


• 1ufd 






30010 


.1ufd 






30010 


.1ufd 






30010 


,1ufd 






30010 


olufd 






30010 


.1ufd 






30010 


,1ufd 






30010 


6.8ufd TANTALUM ELECT 15V 


32001 


.1ufd 






30010 


,1ufd 






30010 


• 1ufd 






30010 


.1ufd 






30010 


.1ufd 






30010 


.1ufd 






30010 


6.8ufd TANTALUM ELECT 15V 


32001 


.1ufd 






30010 


.1ufd 






30010 


• 1ufd 






30010 


.1ufd 






30010 


.1ufd 






30010 


6.8ufd T.E. 


15V 




32001 


.1ufd 






30010 


.1ufd 






30010 


.1ufd 






30010 


.1ufd 






30010 


.1ufd 






30010 


,1ufd 






30010 


.1ufd 






30010 


.1ufd 






30010 


6,8ufd T.E. 


15V 




32001 


,1ufd 






30010 


.1ufd 






30010 


,1ufd 






30010 


6.8ufd T.E. 


15V 




32001 


.1ufd 






30010 


.1ufd 






30010 


.1ufd 






30010 


.1ufd 






30010 


6.8ufd T.E.' 


15V 




32001 


.1ufd 






30010 


33ufd ELECT 


AXIAL 


MOUNT 15V 


32006 


330pf 






30007 


.1ufd 






30010 


6.8ufd T.E. 


15V 




32001 


.lufd 






30010 


.1ufd 






30010 


.1ufd 






30010 


. 1ufd 






30010 


.1ufd 






30010 
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SYMBOL 



DESCRIPTION 



PART NUMBER 



:75 



C76 


C77 


C78 


C79 


C80 


C81 


C82 


C83 


C84 


C85 


C86 


C87 


C88 


C89 


C90 


C91 


C92 


C93 


C94 


C95 


C96 


C97 


C98 


C99 


C100 


C101 


C102 


C103 


C104 


C105 


C106 


C107 


C108 


C109 


C110 


CI 1 1 


C1 12 


C1 13 


C114 


C115 


C1 16 


C1 17 


C118 


C119 


C120 


C121 


C122 


C123 


C124 


C125 


C126 



• 1ufd 




30010 


6.8ufd T.E. 


15V 


32001 


.1ufd 




30010 


.1ufd 




30010 


.1ufd 




30010 


.1ufd 




30010 


.lufd 




30010 


.1ufd 




30010 


150pf 




30005 


100pf MICA +-5% 


30004 


.1ufd 




30010 


• 1ufd 




30010 


.1ufd 




30010 


.1ufd 




30010 


.1ufd 




30010 


.1ufd 




30010 


.1ufd 




30010 


.1ufd 




30010 


not used 






50pf MICA +- 


■5% 25V 


30002 


9-35pf VARIABLE CAP 


33000 


.1ufd 




30010 


.1ufd 




30010 


• 1ufd 




30010 


.1ufd 




30010 


.1ufd 




30010 


.1ufd 




30010 


not used 






not used 






.1ufd 




30010 


not used 






not used 






not used 






.1ufd 




30010 


.1ufd 




30010 


.1ufd 




30010 


.1ufd 




30010 


not used 






220pf 




30006 


.1ufd 




30010 


not used 






.1ufd 




30010 


not used 






6.8ufd T.E. 


15V 


32001 


4.7ufd ELECT 15V 


32000 


10ufd ELECT 


15V 


32003 


2200ufd 25V 


ELECT AXIAL 


32009 


6.8ufd T.E. 


15V 


32001 


6.8ufd T.E. 


15V 


32001 


,1ufd 




30010 


22ufd TANTALUM ELECT 20V 


32005 


.1ufd 




30010 
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SYMBOL 

C127 
C128 
C129 
C130 
C131 
C132 
C133 
C134 
C135 
C136 
C137 
C138 
C139 
C140 
C141 
C142 



Q1 

Q2 

Q3 

Q4 

Q5 

Q6 

Q7 

Q8 

Q9 

Q10 

Q11 

Q12 

Q13 
Q14 
Q15 
Q16 
Q17 
Q18 
SCR1 

SCR2 

CR1 

CR2 

CR3 

CR4 

CR5 

CR6 

CR7 

CR8 

CR9 

CR10 

CR11 

CR12 



DESCRIPTION 


PART NUMBER 


6.8ufd T.E. 15V 


32001 


6.8ufd T.E. 15V 


32001 


6.8ufd T.E. 15V 


32001 


.1ufd 


30010 


100ufd ELECT 1 6V 


32007 


6.8ufd T.E. 15V 


32001 


6.8ufd T.E. 15V 


32001 


6.8ufd T.E. 15V 


32001 


.1ufd 


30010 


22ufd ELECT 15V 


32004 


100ufd ELECT 25V 


32008 


150pf 


30008 


470pf 


30008 


9-35pf VAR CAP 


33000 


15000ufd ELECT 15V 


32030 


not used 




ILLANEOUS SEMICONDUCTORS***** 




2N3904 


11000 


2N3906 


11001 


7805 5V REGUL 


11005 


7812 12V REGUL 


11006 


not used 




MPU131 


11002 


7805 5V REGUL 


11005 


7805 5V REGUL 


11005 


7805 5V REGUL 


11005 


7805 5V REGUL 


11005 


79L12 -12V .1A REG 


11007 


MPU131 


11002 


2N3906 


11001 


2N3904 


11000 


not used 




not used 




not used 




J175 (NATIONAL) FET 


11004 


4A 50VRMS SCR 


11100 


(R/S NO 276-1067) 




4A 50VRMS SCR 


11100 


1N4001 1A 50PIV 


11101 


1N914 SILICON SIG 75PIV 


11102 


not used 




1N914 


11102 


1N914 


11102 


1N914 


11102 


1N914 


11102 


1N914 


11102 


1N914 


11102 


1N914 


11102 


14V ZENER 1N5244 


11106 


1N4001 


11101 
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SYMBOL 


DESCRIPTION 




PART NUMBER 


_-=--,=,_„«»«,«.-,„„_„ 


.->-.-«,»___==„„=„„_„„«,„__«,„ 


«.--_-,_ 


———<.—»_„<._«,„.._ 


CR13 


1N4001 




11101 


CR14 


5.1V ZENER 1N5231 




11103 


CR15 


BRIDGE 50V 2A 




11108 


CR16 


1N4001 




11101 


CR17 


BRIDGE 50V 4A 




11107 


CR18 


not used 






CR19 


1N4001 




11101 


CR20 


1N4001 




11101 


CR21 


1N4001 




11101 


CR22 


1N4001 




11101 


CR23 


1N4001 




11101 


CR24 


6.2V ZENER 1N5234 




11104 




*****IC SOCKETS***** 








14 PIN LOW PROFILE 




40001 




16 PIN LOW PROFILE 




40002 




18 PIN LOW PROFILE 




40003 




20 PIN LOW PROFILE 




40004 




24 PIN LOW PROFILE 




40005 




40 PIN LOW PROFILE 




40006 




40 PIN MACHINE 




40500 


*****MISCELLANEOUS***** 


L2 


.56 uH INDUCTOR 




37000 


CASSETTE JACK 


5 COND DIN RT ANGLE 


PC 


42000 


J6 


2 COND MOLEX HDR 




43000 


J2 


6 COND MOLEX HDR 




43001 


J5 


6 COND HDR .156 R/A 


AMP 


43003 


HI-RES 


2 COND MOLEX HDR 




43000 


B/W VIDEO 








J4 


2X20 MALE HDR .1 AP 




43700 


SW1 


SWITCH SPST 5A 220V 


CHA 


45010 


K1 


5VDC RELAY 




45500 


F1 


4A FAST BLO 32V 




47001 


F2 


2A FAST BLO 32V 




47002 




HEATSINK T0220 5306B 


-13 


69000 




HEATSINK T0220 5307B 


-14 


69001 


Y1 


16.0 MHz CRYSTAL 




35001 


Y2 


3.579 MHz CRYSTAL 




35002 




10.738 MHz CRYSTAL 




35003 
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PARTS LIST 
LNW EXPANSION INTERFACE 



SYMBOL DESCRIPTION PART NUMBER 

PRINTED CIRCUIT BOARD 97012 

****RESISTORS (1/4 watt, 5% unless otherwise indicated)**** 

R1 not used 

R2 not used 

R3 not used 

R4 not used 

R5 not used 

R6 not used 

R7 not used 

R8 nnt used 

R9 not used 

R10 not used 

R11 not used 

R12 10K 20021 

R13 10K 20021 

R14 1K 20016 

R15 200K 20023 

R16 150 20007 

R17 150 20007 

R18 150 20007 

R19 150 20007 

R20 4.7K 20036 

R21 4.7K 20036 

R22 20K 20022 

R23 not used 

R24 not used 

R25 not used 

R26 not used 

R27 150 20007 

R28 680 20030 

R29 680 20030 

R30 1K 20016 

R31 1K 20016 

R32 not used 

R33 not used 

R34 not used 

R35 not used 

R36 not used 

R37 not used 

R38 not used 

R39 not used 

R40 not used 

R41 not used 
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SYMBOL 



DESCRIPTION 



PART NUMBER 



R42 
R43 
R44 
R45 
R46 
R47 
R48 
R49 
R50 
R51 
R52 
R53 
R54 
R55 
R56 
R57 
R58 
R59 
R60 
R61 
R62 
R63 
R64 
R65 
R66 
R67 
R68 
R69 



not 
not 
not 
not 
not 
not 
not 
not 
not 
not 
not 
not 
not 
not 
not 
not 
100 
100 
100 
100 
100 
100 
100 
100 

33 
not 
not 
not 



used 
used 
used 
used 
used 
used 
used 
used 
used 
used 
used 
used 
used 
used' 
used 
used 



20005 
20005 
20005 
20005 
20005 
20005 
20005 
20005 
20026 



used 
used 
used 



******CAPACITORS (all caps are 25VDC +-20% 
otherwise indicated)****** 



unless 



C1 
C2 

C3 
C4 

C5 

C6 

C7 

C8 

C9 

C10 

C11 

C12 

C13 
C14 
C15 
C16 

C17 
C18 
C19 
C20 
C21 



not used 




not used 




not used 




not used 




not used 




not used 




not used 




not used 




not used 




not used 




not used 




33 ufd ELECT AXIAL 6VDC 


32006 


220 PF CERAMIC 


30006 


not used 




47 PF CERAMIC 


30000 


.1 ufd CERAMIC 


30010 


.1 ufd CERAMIC 


30010 


.1 ufd CERAMIC 


30010 


.1 ufd CERAMIC 


30010 


.1 ufd CERAMIC 


30010 


.1 ufd CERAMIC 


30010 
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SYMBOL DESCRIPTION 

C22 .1 ufd CERAMIC 

C23 .1 ufd CERAMIC 

C24 .1 ufd CERAMIC 

C25 .1 ufd CERAMIC 

C26 .1 ufd CERAMIC 

C27 .1 ufd CERAMIC 

C28 .1 ufd CERAMIC 

C29 .1 ufd CERAMIC 

C30 .1 ufd CERAMIC 

C31 .1 ufd CERAMIC 

C32 .1 ufd CERAMIC 

C33 .1 ufd CERAMIC 

C34 6.8 ufd TANTALUM 

C35 6.8 ufd TANTALUM 

C36 .1 ufd CERAMIC 

C37 6.8 ufd TANTALUM 

C38 .1 ufd CERAMIC 

C39 6.8 ufd TANTALUM 

C40 .1 ufd CERAMIC 

C41 6.8 ufd TANTALUM 

C42 .1 ufd CERAMIC 

C43 .1 ufd CERAMIC 

C44 .1 ufd CERAMIC 

C45 .1 ufd CERAMIC 

C46 .1 ufd CERAMIC 

C47 .1 ufd CERAMIC 

C48 .1 ufd CERAMIC 

C49 .1 ufd CERAMIC 

C50 .1 ufd CERAMIC 

C51 .1 ufd CERAMIC 

C52 .1 ufd CERAMIC 

C53 6.8 ufd TANTALUM 

C54 .1 ufd CERAMIC 

C55 6.8 ufd TANTALUM 

C56 .1 ufd CERAMIC 

C57 6.8 ufd TANTALUM 

C58 .1 ufd CERAMIC 

C59 6.8 ufd TANTALUM 

C60 not used 

C61 .1 ufd CERAMIC 

C62 .1 ufd CERAMIC 

C63 .1 ufd CERAMIC 

C64 not used 

C65 6.8 ufd TANTALUM 32001 

C66 not used 

C67 not used 



PART NUMBER 


30010 


30010 


30010 


30010 


30010 


30010 


30010 


30010 


30010 


30010 


30010 


30010 


32001 


32001 


30010 


32001 


30010 


32001 


30010 


32001 


30010 


30010 


30010 


30010 


30010 


30010 


30010 


30010 


30010 


30010 


30010 


32001 


30010 


32001 


30010 


32001 


30010 


32001 


30010 


30010 


30010 
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SYMBOL 



DESCRIPTION 
*****INTEGRATED CIRCUITS***** 



PART NUMBER 



U1 
U2 

U3 

U4 

U5 

U6 

U7 

U8 

U9 

U10 

U11 

U12 

U13 
U14 

U15 
U16 
U17 
U18 
U19 
U20 
U21 
U22 

U23 
U24 
U25 
U26 
U27 
U28 
U29 
U30 

U31 

U32 
U33 
U34 
U35 
U36 
U37 
U38 
U39 
U40 
U41 
U42 
U43 
U44 
U45 
U46 
U47 
U48 
U49 



7438 

7438 

74LS367 

74LS175 

74LS175 

7438 

74LS123 

74LS240 

7492 

7493 

74LS08 

7490 

74LS175 

FD1771B-01 

74LS240 

74LS155 

7493 

74S04 

74LS155 

74LS14 

74LS74 

74LS74 

74LS08 

74163 

74163 

74LS175 

not used 

74LS367 
74S32 

74LS139 

74LS30 

74LS14 

74LS367 

74LS244 

74LS244 

74LS244 

74LS241 

74LS241 

74LS244 

TR1602-B 

74LS30 

4116 200ns 

4116 200ns 

4116 200ns 

4116 200ns 

4115 200ns 

4116 200ns 
4116 200ns 
4116 200ns 



10064 
10064 
10054 
10028 
10028 
10064 
10018 
10030 
10051 
10052 
10007 
10050 
10028 

10059 
10030 

10053 
10052 

10003 
10053 
10047 
10013 
10013 
10007 
10066 
10066 
10028 

10054 
10048 
10021 
10011 

10047 
10054 
10061 
10061 
10061 
10031 
10031 
10061 
10062 
10011 
10039 
10039 
10039 
10039 
10039 
10039 
10039 
10039 
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SYMBOL 



DESCRIPTION 



PART NUMBER 



U50 
U51 
U52 
U53 
U54 
U55 
U56 
U57 
U58 
U59 
U60 
U61 
U62 

U63 
U64 
U65 
U66 



not used 

1489 EIA RECEIVER 

1489 EIA RECEIVER 

4116 200ns 

4116 200ns 

4116 200ns 

4116 200ns 

4116 200ns 

4116 200ns 

4116 200ns 

4116 200ns 

1488 EIA DRIVER 

not used 

not used 

not used 

not used 

not used 



10056 
10056 
10039 
10039 
10039 
10039 
10039 
10039 
10039 
10039 
10055 



**«**MISCELLANE0US***®* 



Y1 

U40 
U14 



4.000 MHZ CRYSTAL 35000 

40 PIN DIP IC SOCKET 40006 

40 PIN MACHINE SOCKET 40500 

DIP SWITCH 6 POS 45100 

DIP SWITCH 8 POS 45101 

CABLE 16C 12" HDR-WIRE 85100 

PCB RS232 CONFIG FOR SE 97042 

CONNECTOR 25 PIN D TYPE 42500 

SOCKETS FOR RS232 CONN 43255 

WIRE 24 AWG STRANDED 86500 

6 COND MOLEX CONNECTOR 43501 

MOLEX PINS 43250 

18 GA. PVC WIRE 85002 
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PARTS LIST 
LNDOUBLER 5/8 



SYMBOL 



DESCRIPTION 



PART NUMBER 
97067 



PRINTED CIRCUIT BOARD 



****RESISTORS (1/4 Watt, 5%)**** 



R1 

R2 

R3 

R4 

R5 

R6 

R7 

R8 

R9 

R10 

R11 

R12 

R13 
R14 

R15 
R16 
R17 
R18 
R19 
R20 
R21 
R22 

R23 
R24 

R25 
R26 



2K 

4.7K 

not used 

4.7K 

1 .OK 

10K 

4.7K 

not used 

680 

150 

1.0K 

1 .OK 

47K 

4.7K 

4.7K 

4.7K 

not used 

47K 

47 

10K 

4.7K 

not used 

10K 

10K MINI PC MINI POT 

50K MULTITURN POT 

100K MINI PC POT 



20034 
20036 

20036 
20016 
20021 
20036 

20030 

20007 

20016 
20016 
20040 
20036 
20036 
20036 

20040 
20003 
20021 
20036 

20021 
21001 
21006 
21005 



C1 
C2 

C3 

C4 

C5 

C6 

C7 

C8 

C9 

C10 

C11 

C12 

C13 

C14 

C15 

"R8" 



****** CAPACITORS****** 



.1 ufd ceramic 

.1 ufd ceramic 

6.8ufd TANT ELECT 15V 

.1 ufd ceramic 

.1 ufd ceramic 

not used 

47 pf MICA +- 5% 

6.8 TANT ELECT 15V 

47 pf ceramic 

47 pf MICA +- 5% 
.1 ufd ceramic 
.47 ufd MYLAR 
not used 
.1 ufd ceramic 
.1 ufd ceramic 
47 pf ceramic 



30010 
30010 
32001 
30010 
30010 

30001 
32001 
30000 
30001 
30010 
31999 

30010 
30010 
30000 
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*****INTEGRATED CIRCUITS***** 



U1 

U2 

U3 

U4 

U5 

U6 

U7 

U8 

U9 

U10 

U11 

U12 

U13 
U14 
U15 
U16 
U17 
U18 



Y1 

SW1 



74LS27 




10057 


74LS08 




10007 


WD2143 




10068 


74LS123 




10018 


74LS05 




10006 


74LS05 




10006 


74LS00 




10000 


WD1691 




10067 


MB8876 


(FUJ-1791 COM) 


10060 


40 PIN ; 


SOCKET 


40006 


74LS157 




10023 


74LS04 




10004 


74LS158 




10034 


74LS74 




10013 


74LS629 




10069 


74LS74 




10013 


74LS74 




10013 


74LS08 




10007 


****MISCELLANEOUS*®*** 




4.0 MHZ 


CRYSTAL 


35000 


20 PIN : 


SOCKET STRIP(2) 


41000 


SPOT SW 


R/A PC MNT 


45000 
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PARTS LIST 
CASE ASSEMBLY 



SYMBOL 



DESCRIPTION 

KEYBOARD 

LED RED 

TRANSFORMER LNW80 

SHIELDED CABLE 

KEYBOARD CABLE 

LNW80 CASE TOP PANEL 

LED BEZEL 

KYBD BRACKET LEFT 

KYBD BRACKET RIGHT 

FAN 3" ROTRON SPRITE 

LNW80 CASE BOTTOM PANEL 

LNW80 CASE REAR PANEL 

PHONO PLUG CHASSIS MNT 

FUSE HOLDER CHASSIS MNT 

SWITCH SPST 5A 220V 

1/2A SLOBLO FUSE 220V 

STRAIN RELIEF FOR LCORD 

CORD PWR LINE 120V 

RUBBER BUMPER 

TERMINAL STRIP 5 POS GND 

LNW80 CASE SUPPORT BRK 

6 COND MOLEX CONNECTOR 

2 COND MOLEX CONNECTOR 

MOLEX PINS (9) 

COAX WIRE RG174/U 

24 GAUGE WIRE STRANDED 

20 GAUGE WIRE STRANDED 

WIRE TIES 3.5" 

SHRINK TUBING 1/4" 

SHRINK TUBING 3/8" 

4-40 NUT 

4-40 INTERNAL TOOTH WASHER 

4-40x3/4 MACHINE SCREW 

4-40x1/4 MACHINE SCREW 

4-40x1/2 NYL SPACER 

4-40 X 1/4 RND PH SPCR 

4-40x 1 .5 RND SPACER 

4-40 1/8 NYLON SPACER 

#6-32 NUT 

#6-32 X 1/4 SHT MTL SCREW 

#6 INTERNAL TOOTH WASH 
#6 FLAT WASHER 
6-32 X 3/8 MASH SCREW 
6-32 X 3/8 NYLON SCREW 
6-32 NYL NUT 



PART NUMBER 

45002 
12000 
55000 
85000 
85001 
60002 
12050 

65013 
65012 
80000 
60000 
60005 
42300 
44000 
45010 
47006 
48700 
82000 
78000 
43900 
65010 
43501 
43500 
43250 
86550 
86500 
86510 
48710 
49000 
49001 
71000 
73000 
70000 
70001 
72202 
72000 
72200 
72100 
71001 
70004 
73001 
73005 
70003 
70005 
71002 



85 



APPENDIX 1 DATA SHEETS 



THE FOLLOWING DATA SHEETS ARE REPRINTED 
WITH THE PERMISSION OF WESTERN DIGITAL, 
ZILOG, MOTOROLA, AND TEXAS INSTRUMENTS, AND 
MAY NOT BE REPRODUCED IN ANY FORM WITHOUT 
THEIR EXPRESSED WRITTEN PERMISSIONS. 



DATA SHEET INDEX 



1. MCM2114 - 2K STATIC RANDOM ACCESS MEMORY 

2. TR1602 - ASYNCHRONOUS RECEIVER/TRANSMITTER.. 

3. FD1771 - FLOPPY DISK CONTROLLER 

4. FD179X-02 - FAMILY FLOPPY DISK CONTROLLER 

5. WD1691 - FLOPPY SUPPORT LOGIC 

6. FD179X - APPLICATION NOTES 

7. WD2143-01 - FOUR PHASE CLOCK GENERATOR 

8. 74LS629 - VOLTAGE CONTROLLED OSCILLATOR 

9. MCM4116 - 16K DYNAMIC RANDOM ACCESS MEMORY... 

- PROGRAMABLE UNIJUNCTION TRANSISTER. 

- QUAD MDTL LINE DRIVER 146 

- QUAD MDTL LINE RECEIVER 148 

- P-CHANNEL JFET TRANSISTER 150 

- COLOR TV MODULATOR CIRCUIT 151 

" 2K ERASABLE PROM 159 

- CENTRAL PROCESSING UNIT... 163 

- JFET-INPUT OPERATIONAL AMPLIFIERS. 172 

18. SERIES 14 AND 18 PROGRAMMABLE READ-ONLY MEMORIES 178 



10. MPU131 

11 . MC1488 

12. MC1489 

13. J175 

14. MC1372 

15. MCM2716 

16. Z80A 

17. TL080 
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M) MOT€>R€>LA 




4096-BIT STATIC RANDOM ACCESS MEMORY 

The MCM2114 is a 4096-bit random access memory fabricated 
with high density, high reliability N-channe! silicon-gate technology. 
For ease of use, The device operates from a single power supply, is 
directly compatible with TTL and DTL, and requires no clocks or 
refreshing because of fully static operation. Data access is particu- 
larly simple, since address setup times are not required. The data out 
has the same polarity as the input data. 

The MCM2114 is designed for memory applications where 
simple interfacing is the design objective. The MCM2114 is assembled 
in 18-pin dual in-line packages with the industry standard pin-out. 
A separate chip select (S) lead allows easy selection of an individual 
package when the three-state outputs are OR-tied. 

The MCM2114 series has a maximum power dissipation of 
S2S mill. Low power versions (i.e.. MCM21L14 series! are available 
with a maximum power dissipation of less than 370 mW. 

• 1024 Words by 4-Bit Organization 

• Industry Standard 18-Pin Configuration 

• Single +5 Volt Supply 

• No Clock or Timing Strobe Required 

• Fully Static: Cycle Time = Access Time 

• Fully TTL/DTL Compatible 

• Common Data Input and Output 

• Three-State Outputs for OR-Ties 

• Low Power Version Available — 370 mW (Max) 



MAXIMUM ACCESS TIME/MINIMUM CYCLE TIME 



MCM21 14-20 
MCM21L14-20 



MCM21 14-25 
MCM21L14-25 



MCM21 14-30 
MCM21L14-30 



MCM2 114-45 
MCM21L14-45 




MCM2114 
MCM21L14 



MOS 



(N-CHANNEl. SILICON-GATE) 

4096-BIT STATIC 

RANDOM ACCESS 

MEMORY 



P SUFFIX 

PLASTIC PACKAGE 
CASE 70? 




C SUFFIX 

FRIT SEAL 

CERAMIC PACKAGE 

CASE 701 





PIN ASSIGNMENT 




A6 


1 I 




18 


v C c 


A5 


2 1 




17 


A? 


A4 


3 ( 




16 


AB 


A3 


* 1 




15 


A9 


AO 


5 ( 




i 14 


1/01 


Al 


6 ( 




I 13 


1/Q2 


A2 


7 




i 12 


i/03 


s 


8 




i H 


1/04 


V SS 


9 




I io 


W 



PtN NAMES 




Addrei* input 




Write Enable 


5 


Chip Select 


i/bi - 1'/04 


Data input/Output 


vr.c 


Power |<5VI 


v S s 


Ground 
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MCM2114, MCM21L14 



ABSOLUTE MAXIMUM RATINGS (Sea Note 1) 



Rating 


Vetus 


Unit 


Temperature Under Bias 


-10 to +80 


°c 


Voltage on Any Pm With Respect to Vgg 


-0.5 to +7.0 


Vdc 


DC Output Current 


5.0 


mA 


Power Dissipation 


1.0 


Watt 


Operating Temperature Range 


to +70 


°c 


Storage Temperature Range 


-65 to +150 


°c 



This device contains circuitry to protect the 
inputs against damage due to high static voltages 
or electric fields; however it is advised that 
normal precautions be taken to avoid applica- 
tion of any voltage higher than maximum rated 
voltages to this high-impedance circuit. 



Note; 1. Permanent device damage mav occur if ABSOLUTE MAXIMUM 
RATINGS are exceeded. Functional operation should be restricted 
to RECOMMENDED OPERATING CONDITIONS. Exposure to 
higher than recommended voltages for extended periods of time could 
affect device reliability. 



DC OPERATING CONDITIONS AND CHARACTERISTICS 

(T A = to 70°C, V CC = 5.0 V ± 5% unless othervv.se noted.) 



RECOMMENDED DC OPERATING CONDITIONS 



Psramotar 


Symbol 


MCM2114 


MCM21L14 


Unit 


Mm 


Worn 


Max 


Min 


Norn 


Max 


Input Load Current 

(Ail Input Pms. Vj n = to 5.5 VI 


'LI 


- 


- 


10 


- 


- 


10 


MA 


I/O Leakage Current 

i,S = 2.4V,V|/ O =0.4 V toV cc l 


i'LOi 


- 


- 


10 


- 


- 


10 


uA 


Power Supply Current 

fV in - 5.5, lt/o " mA, T A - 25°C1 


'CC1 


- 


80 


95 


- 


- 


65 


mA 


Power Supply Current 

,V in - 5.5 V, J i/0 - mA. T A - Q°C, 


*CC2 


- 


- 


100 


- 


- 


70 


mA 


Input Low Voltage 


VlL 


-0.5 


- 


0,8 


-0.5 


_ 


0B 


V 


Input High Voltage 


V|H 


2.0 


- 


6.0 


2.0 


_ 


en 


V 


Output Low Current 
Vql "0.4 V 


'OL 


2.1 


6.0 


- 


2.1 


6.0 


- 


mA 


Output High Current 
VOH e 2.4 V 


lOH 


- 


-1.4 


-1.0 


- 


-1.4 


-1.0 


mA 


Output Short Circuit Current 


•os' 21 


- 


- 


40 


- 


- 


40 


mA 


Note: 2. Duration not to exceed 30 seconds. 




















CAPACITANCE 

{f - 1 X> MHz. T A ■ 25°C. periodically sampled rather than 100% tested.) 



Characteristic 


Symbol 


Mas 


Unit 


input Capacitance IV m - V) 


Cm 


5.0 


pF 


Input/Output Capacitance (V|^q - VI 

___ _ 


C|/0 


5.0 


PF 



AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Full operating voltage and temperature unlets otherwise noted.) 

Input Pulse Level. os Vo „ to 3A VMt 

Input Risa and Fall Times ... <« 

Tom 

Input and Output Timing L«v»ls . 1.5 volts 

Output Load , . , , 1 TTL Gate and C L - 100 pF 
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MCM2114, MCM21L14 



AC OPERATING CONDITIONS AND CHARACTERISTICS 
Read (Note 3), Write (Note 4) Cycles 



RECOMMENDED AC OPERATING CONDITIONS IT A = to 70°C. v cc » 


50 V ± 


SV 












Parameter 


Symbol 


MCIW2114 20 
MCM21L14-20 


MCM21 14-25 
MCM21L14-25 


MCM2114-30 
MCM21L14-30 


MCM2 114-45 
MCM21L14-45 


Units 


Mm 


Max 


Mm 


M» 


Min 


Max 


Mm 


Max 


Read Cvcie Time 


<RC 


200 


- 


250 


- 


300 


- 


450 


- 


ns 


Access Time 


'A 


- 


200 


- 


250 


- 


300 


- 


450 


ns 


Chip Selection io Output val'O 


'SO 


- 


70 


- 


85 


- 


100 


~ 


120 


ns 


Chip Selection to Output Active 


'SX 


20 


- 


20 


- 


20 


- 


20 


~ 


ns 


Outpui 3 State Fiom Deselection 


'OTD 


- 


60 


- 


70 


- 


80 


- 


100 


ns 


Output Hold From Address Change 


'OHA 


50 


- 


50 


- 


50 


- 


50 


~ 


ns 


VV'ite Cycle Time 


'WC 


200 


- 


250 


- 


300 


- 


450 


~ 


ns 


W'lte Time 


tyy 


120 


- 


135 


- 


150 


- 


200 


- 


ns 


Write Release Time 


'WB 





- 





- 





- 





~ 


ns 


Output 3-State From Write 


'OTW 


- 


60 


- 


70 


- 


80 


~ 


100 


ns 


Data to Write Time Overlap 


'DW 


120 


- 


135 


- 


150 


- 


200 


— 


ns 


Data Hold From Write Time 


'DH 





- 





- 





~ 







ns 



Notes: 3 A Read occu-sdu'inQ theovenap ol a low Sanda hiph w 
4. A Wnte occurs during the overlap of a inv. S and a low W 



READ CYCLE TIMING INote 51 



WRITE CYCLE TIMING INote 6) 



s WXn'^XWnWV ; 



3 



UW/Wh 



Notes: 5. W is high for a Read cycle 



^Z~X 



*1M 



5Sm 



°°^ ))))))))))m 



°,„ .wmmww 4 mxm 



2<ZZZZZL 



]w~ 



77777:; 



6. H the S low uansmon occurs simultaneously w;fh -he VV low 
transition, the output buffers remain ,n a high .mpedance late. 



WAVEFORMS 

Wavalorm Input 

Symbol 

— MUSI Bt 



\ W-'A FROM H TO L FROM « TO L 

,' j • i •■ j CHANGE WHt CHANGE 

////'/ / fHOMitOH FROM I. TO M 



DONt CARE CHANGING 

/fty&\ *Nv C »«NG£ ST.Ti 

1U il " ^ PfBMiTTEO UNKNOWN 
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DiGITAL 



a 



ION 



MOS/LS! 

Til 6021 & TR1602B 

ASYNCHRONOUS RECEIVER/TRANSMITTER 




SILICON GATE TECHNOLOGY - LOW THRESHOLD 
CIRCUITRY 

Directly TTL and OTL Compatibj® — External Resistors 

Eliminetsd 
D. C STABLE (STATIC) CIRCUITRY 

PULL DUPLEX OR HALF DUPLEX OPERATION 
Transmits And Recaivm Serial Data Simultaneously Or 

Alternately 
AUTOMATIC INTERNAL SYNCHRONIZATION OF DATA 
AND CLOCK 

AUTOMATIC START BIT GENERATION 
BUFFERED RECEIVER AND TRANSIMITTER REGISTERS 

FULLY PROGRAMMABLE - 

EXTERNALLY SELECTABLE 

Word Lengtri 

Baud Rats 

Evan/Odd Parity (Receiver /Verification — 

Transmitter /Generation) 
Party Inhibit — Verification /Generation 
On®, Ona and One-Half, or Two Stop Bit Generation 

AUTOMATIC DATA RECEIVED/TRANSMITTED STATUS 

GENERATION 

Transmission Complete Parity Error 

Buffer Register Transfer Complete Framing Error 

Received Data Available Overrun Error 

THREE-STATE OUTPUTS 
Receiver Register Outputs 
Status Flags 

AVAILABLE IN CERAMIC OR HERMETIC PLASTIC 
CAVITY PACKAGES 



APPLICATIONS 

- PERIPHERALS 

o TERMINALS 

« MINI COMPUTERS 

o FACSIMILE 

TRANSMISSION 

o MODEMS 

o CONCENTRATORS 

• ASYNCHRONOUS OATA 
MULTIPLEXERS 



CARD AND TAPE READERS 

PRINTERS 

DATA SETS 

CONTROLLERS 

KEYBOARD ENCODERS 

REMOTE DATA ACQUISI- 
TION SYSTEMS 

ASYNCHRONOUS DATA 
CASSETTES 



n nnnnnnnnnnnnnn nnnnn 






a 3 



b 



* s 



<» "» £ 2 2 8 



UUU'UUUuUUuuuuuuuuuuU 






a 



TR160ZA CERAMIC PACKAGE OUTLINE 







J 
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TR16023 HERMETIC PLASTIC CAVITY PACKAGE OUTLINE 
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GENERAL DESCRIPTION 

The TR1602A & the TR1602B are ASYNCHRONOUS RECEIVER/TRANSMITTER sub-systems using silicon gate 
process technology. The use of this low threshold process provides direct compatibility with all forms of current sinking 
logic. Interfacing restraints, such as external resistors, drivers and level shifting circuitry, are eliminated. All output lines 
have been designed to drive TTL directly. 

The ASYNCHRONOUS RECEIVER/TRANSMITTER is a general purpose, programmable MOS/LSI device for inter- 
facing an asynchronous serial data channel of a peripheral or terminal with parallel data of a computer or terminal. 
The transmitter section converts parallel data into a serial word which contains the data along with start, parity, and stop 

bits. The receiver section converts a serial word with start, data, parity, and Stop bits, into parallel data, and it verifies 
proper code transmission bv checking parity and receipt of a valid stop bit. Both the receiver and tha transmitter are 
double buffered. The array is compatible with bipolar logic. The array may be programmed as follows: The word length 



Data Sheet for operation with 5 level code-2 stop bin. 



ADVANCE ENGINEERING INFORMATION 
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INPUT STRUCTURE 

MOS DEVICE "A" ACTS AS AN 
INTERNAL PULL-UP RESISTOR 
TO Vgg - V cc WHICH BIASES 
OFF THE CASCODE DEVICE OF 
THE TTL OUTPUT IN THE 
HIGH-LEVEL OUTPUT STATE. 
IN THE LOW-LEVEL OUTPUT 
STATE THE TTL OUTPUT 06- 
V1CE SINKS THE CURRENT 
SUPPLIED BY DEVICE "A". 



v o 



u 



¥ 3 UUB*TB*rO- V CC 



E 




OUTPUT STRUCTURE 

DEVICES "B" 8> "C" COMPRISE 
A PUSH-PULL OUTPUT BUFFER. 
IN THE LOW-LEVEL STATE. 
' OUTPUT TRANSISTOR "C" IS 
"ON" AND CASCOOE DEVICE 
"8" IS OFF. IN THE HIGH- 
LEVEL STATE, THE OPPOSITE 
IS TRUE. IN THE DISCON 
NECTED STATE, BOTH "B" 
AND "C" ARE TURNED OFF 
CAUSING THE OUTPUT NODE 
TO FLOAT. 
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PIN 
NUMBER 



NAME 



SYMBOL 



PIN DEFINITIONS 



FUNCTION 



1 
2 

3 

4 

5-12 



13 



Vgg Powsr Supply 

Vqq Power Supply 

Vqq PavfW Supply 

Rscervsr Register 
Disconnect 

Receiver Holding 
Register Dats 



Parity Error 



'SS 



'GG 



'DO 



RRD 



RR-, 



PE 



+5 volts suopiv 

-12 volts suopiv 

Ground 

A high lav* input voltage, V| M , aoolied to this lino disconnects the RECEIVER 
HOLDING REGISTER outputs from the RR.-BR, dats outputs (pins 5-12J. 

The parallel contents of the RECEIVER HOLDING REGISTER appear on theee 
Unas if a low-level input voltage. Vj, , is applied to RRO. For character formats of 
fewer than atght bits received cnorecters are right-justified witn RR, (pin 12) as 
the least significant Pit and the truncated bits are forced to a low level output 
voltage, Vg. . 

A high level output voltage, Vg M , on this line indicates that the received parity 
does not compare ro mat programmed bv the EVEN PARITY ENA8LE control 
line (pin 39). This output is updated each time a character is transferred to the 
RECEIVER HOLDING REGISTER. PE lines from a nummr of arrays can be 
bussed together since an output disconnect capability is provided bv Status Flag 
Disconnect line (pin 16). 



Framing Error 



FE 



A high-level output voltage. V«|,, on this line indicates that me received character 
has no valid stop bit, <■©., tho bit following tne parity bit (if programmed) is not a 
high level voltage. This output is uodated each time a character is transferred to 
the Receiver Holding Register, FE lines from a number of arrays can be bussed 
together since an output disconnect caoabilitv is provided by me Status Flag 
Disconnect line (pin 16). 



15 



Overrun Error 



OE 



A high-level output voltage, Vq h . Of this line indicates that the Data REeaived 
Flag (pin 19) was not reset before the next character was transferred to the 
REceiver Holding Register. OE lines from a number of arrays can be bussed 
together since an output disconnect capability is provided bv the Status Flag 
Disconnect fine (pin 16). 



16 



Status Flags 
Disconnect 



SFO 



A high-level input voltage, V |H . aoplied to this pin disconnects the PE, FE, OE, 
Dfl and THRE allowing them to be buss connected. 



17 



Receiver Register 
Qock 

Data Received 
Reset 



RRC 



DRR 



The receiver clock frequency is sixteen (16) times the desired receiver shift rate. 



A low-level inout voltage, V )L . applied to this line resets the OR line. 



19 



20 



21 



22 



Data Received 



Receiver input 



Master Reset 



Transmitter 
Holding R«gist«r 
Empty 



DR 



Rl 



MR 



THRE 



A high-level output voltage, Vq h , indicates that an entire character has been 
received and transferred to the RECEIVER HOLDING REGISTER. 

Serial inputdata received on this lino enters the RECEIVER REGISTER at a point 
determined by the character length, parity, and the number of stop bits. A higlv 
level input voltage, V, H , must be present when data is not being received. 

This line is strobed to a high-level input voltage, V| H , to clear the logic. It resets 
the Transmitter and Receiver Registers, the Receiver Holding Register, FE, OE, PE. 
DRR and jatj TRO, THRE, and TR£ to I high-level Output vOltMB V rtu 

^ ' OH' 

A high-level output Voltage, V QH , on this line indicates the TRANSMITTER 

-ER?nd m'?™ '" -"*" * ""^ » *« T^TTM REG- 
IS . ER and may be loaded with a new character, 
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PIN DEFINITIONS (CONT) 



PIN 
NUMBER 



23 



24 



26-33 



34 



33 



36 



NAME 



Transmitter 
Holding Ragistar 

Load 



Transmitter 

Register 

Empty 

Transmitter 

Register 

Output 



Transmitter 
Register 
Data Inputs 



Control Register 
Load 



SYMBOL 



Parity 
Inhibit 



Stop Bit(j) 
Select 



THRU 



TRE 



TRO 



TR 1~ 
TR» 



CRL 



PI 



S8S 



FUNCTION 



A low-level mout voltage. V (l _. aoolisd to this line enters a character into the 
TRANSMITTER HOLDING REGISTER. A transition from a low-level mout 
voltage. V, L , to a high-level input voltage, V, H , transfers the character into the 
TRANSMITTED REGISTER if it is not in the process of transmitting a character. 
If a character is being transmitted, the transfer is delayed until its transmission is 
completed. Upon completion, the new character is automatically transferred simul- 
taneously with the initiation of trie serial transmission of the new character. 

A high-level output voltage, Vq h , on this line indicates that the TRANSMITTER 
REGISTER has comoteted serial transmission of a full character including STOP 
bit(s). it remains at this level until the start of transmission of the next character. 

The contents of the TRANSMITTER REGISTER (START bit. OATA bits, PARITY 
bit, and STOP bitsi are serially shifted out on tnis line. When no data is being trans- 
mitted, diis line will remain at a high-level output voltage. V« H . Start of trans- 
mission is defined as the transition of me START bit from a high-ievel output 
voltage, Vq H , to a low-level output voltage. V — . . 

The character to. be transmitted is loaded into the TRANSMITTER HOLDING 
REGISTER on these lines with the THRU Strobe. If a character of lass than 8 bits 
has been selected (by WLS 1 and WLS 2 ). the character is right justified to the least 
significant bit. RR1, and tne excess bits are disregarded. A high-level input voltage. 
V| H , will causa a high-level output voltage, V- H , to be transmitted. 

A high-level input voltage, V| H , on thisline loads the CONTROL REGISTER with 
the control bits (WLS.,, WLS 2 . EPE. PI, S8S). This line may be strobed or hard 
wired to a high-level input voltage, V, M . 

A high-!eve4 input voltage, V,.^ on mis line inhibits me parity generation and 
verification circuits and will clamp the PE output (pin 131 to V — ,. If parity is 
inhibited the STOP bit (si will immediately follow the last data bit on transmission. 

This line selects the number of STOP bits to be transmitted after the PARITY bit. 
, on this line selects two STOP bits, and a low-level 



A high-level input voltage, V| H , 
a su 
programming a five (5) bit word generates 1.5 STOP bit* 



input voltage, V selects a single STOP bit. Selection of two STOP bits when 



37-38 



Word Length 
Select 



WLS^ - 
WLS. 



These two lines select the character length (exclusive of parity! as follows: 
WLS, 



'IL 



'IH 



'IL 



'IH 



Word Length 


S bits 


6 bits 


7 bits 


3 bits 



39 



40 



Evan Parity 
Enable 



Transmitter 

R agist ar Clock 



EPE 



TRC 



This line determines whether even or odd PARITY is to be generated by the trans- 
mitter arxi checked by the receiver, A high-level input voltage, V, .., selects even 
PARITY and a low-level input voltage, V| U . selects odd PARITY. 

The transmitter cloctc frequency is sixteen (16) times the desired transmitter shift 
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ASYNCHRONOUS RECEIVER/TRANSMITTER 
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INTRODUCTION 

The transfer of digital data over relatively long 
distances is generally accomplished by sending the 
data in serial form thru a single communications 
channel using one of two general transmission tech- 
niques; asynchronous or synchronous. Synchronous 
data transmission requires that a clock signal be 
transmitted with the data in order to mark the 
location of the data bits for receiver. A specified 
clock transition (either rising or falling) marks the 
start of each data bit interval as shown in Figure 1. 
In addition, special synchronization data patterns are 
added to the start of the transmission in order for the 
receiver to locate the first bit of the message. With 
synchronous transmission, each data bit must follow 
contiguously after the sync word, since one data bit 
is assumed for every clock period. 

With asynchronous transmission, a clock signal is not 
transmitted with the data and the characters need 
not be contiguous. In order for the receiver to 
properly recover the message, the bits are grouped 
into data characters (generally from 5 to 8 bits in 



length) and synchronizing start and stop elements are 
added to each character as shown in Figure 2. 

The start element is a single logic zero (space) data 
bit that is added to the front of each character. The 
stop element is a logic one (mark) that is added to 
the end of each character. The stop element is main- 
tained until the next data character is ready to be 
transmitted. (Asynchronous transmission is often 
referred to as start-stop transmission for obvious 
reasons). Although there is no upper limit to the 
length of the stop element, there is a lower iimit that 
depends on the system characteristics. Typical lower 
limits are 1.0, 1.42 or 2.0 data bit intervals, although 
most modern systems use 1.0 or 2.0. The negative 
going transition of the start element defines the loca- 
tion of the data bits in one character. A clock source 
at the receiver is reset by this transition and is used 
to locate the center of each data bit. 

The rate at which asynchronous data is transmitted 
is usually measured in baud, where a baud is defined 
to be the reciprocal of the shortest signal element 
(usually one data bit interval). It is interesting to note 
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that the variable stop length is what makes the baud 
rate differ from the bit rate. For synchronous trans- 
mission, each element is one bit in length so that the 
baud rate equals the bit rate. The same is true for 
asychronous transmission if the stop element is 
always one bit in duration (this is referred to as 
isochronous transmission). However, when the stop 
code is longer than one bit, as shown in Figure 3, 
the baud rate differs from the bit rate. 



Asynchronous transmission over a simple twisted 
wire pair can be accomplished at moderately high 
baud rates UOK baud or higher depending on the 
length of the wire, type of line drivers, etc.) while it 
is generally limited to approximately 2K baud over the 
telephone network. When operating over the tele- 
phone network, a modem is required to convert the 
data pulses to tones that can be transmitted through 
the network. 



Each character in Figure 3 is 11 data bit intervals in 
length, and if 15 characters are transmitted per 
second, then the shortest signal element (one data 
bit interval) is 66.6 ms/11 = 6.06 ms; giving a rate 
of 1/6.06 ms = 165 baud. However, since only 
10 bits of information (8 data bits, one start bit and 
1 stop bit) are transmitted every 66.6 msec, the bit 
rate is 150 bit/sec. (Even though the stop element 
lasts for two data intervals, it stiil is only one bit of 
information) 

There are several reasons for using asychronous 
transmission. The major reason is that since a clock 
signal need not be transmitted with the data, trans- 
mission equipment requirements are greatly simpli- 
fied. (Note, however, that an independent clock 
source is still required at both the transmitter and 
receiver). Another advantage of asynchronous trans- 
mission is that characters ne&d not be contiguous in 
time, but are transmitted as they become available. 
This is a very valuable feature when transmitting 
data from manual entry devices such as a keyboard. 
The major disadvantage of asynchronous trans- 
mission is that it requires a very large portion of the 
communication channel bandwidth for the synchro- 
nizing start and stop elements (a much smaller 
portion of the bandwidth is required for the sync 
words used in synchronous transmission). 



One of the major limiting factors in the speed of 
asynchronous transmission is the distortion of the 
signal elements. Distortion is defined as the time dis- 
placement between the actual signal level transition 
and the nominal transition (At), divided by the 
nominal data bit interval (See Figure 4). 

The nominal data bit interval is equal to the recipro- 
cal of the nominal transmission baud rate and all data 
transitions should ideally occur at an integer number 
of intervals from the start bit negative going transi- 
tion. Actual data transitions may not occur at these 
nominal points in time as shown in the lower wave- 
form ot Figure 4. The distortion of any bit transition 
is equal to At x NOMINAL BAUD RATE. 

This distortion is generally caused by frequency jitter 
and frequency offset in the clock source used to 
generate the actual waveform as well as transmission 
channel, noise, etc. Thus, the amount of distortion 
that can be expected on any asynchronous signal 
depends on the device used to generate the signal 
and the characteristics of the communication channel 
over which it was sent. Electronic signal generators 
can be held to less than 1% distortion while elec- 
tromechanical devices (such as a teletype) typically 
generate up to 20% distortion. The transmission 
channel may rypically add an additional 5% to 15% 
distortion. 
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The distortion previously described referred only to a 
single character as all measurements were referenced 
to the start element transition of that character. 
However, there may also be distortion between 
characters when operating at the maximum possible 
baud rate (i.e., stop elements are of minimum 
length). This type of distortion is usually measured by 
the minimum character interval as shown in Figure 
4B. 

The minimum character interval distortion is generally 
specified as the percentage of a nominal data bit 
interval that any character interval may be shortened 
from its .nominal length. Since many of the same 
parameters that cause distortion of the data bits are 
also responsible for the character length distortion, 
the two distortions are often equal. However, some 
systems may exhibit character interval distortions of 
up to 50% of a data bit interval. This parameter is 
important when operating at the maximum baud rate 
since the receiver must be prepared to detect the 
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next start bit transition after the minimum character 
interval. 

Asynchronous receivers operate by locating the 
nominal center of the data bits as measured from 
the start bit negative going transition. However, due 
to receiver inaccuracies, the exact center may not be 
properly located, in electromechanical devices such 
as teletypes, the inaccuracy may be due to 
mechanical tolerances or variations in the power line 
frequency. With electronic receivers, the inaccuracies 
are due to frequency offset, jitter and resolution of 
the clock source used to find the bit centers. (The 
bit centers are located by counting clock pulses). For 
example, even if the receiver clock had no jitter or 

offset, 2n6 it ms W times the baud rate, then the 

center of the bit could only be located within 1/16 of 
a bit interval (or 6.25%) due to clock resolution 
However, by properly phasing the clock, this 
tolerance can be adjusted so that the sample will 
always be within ±3.125% of the bit center. Thus 
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signals with up to 46.875% distortion could be 
received. This number (the allowable receiver input 
distortion) is often referred to as the receiver distor- 
tion margin. Electromechanical receivers have distor- 
tion margins of 25 to 30%. The receiver must also be 
prepared to accept a new character after the mini- 
mum character interval. Most receivers are specified 
to operate with a minimum character interval distor- 
tion of 50%. 

TR1602 Operation** 

The WDC TR1602 is designed to transmit and receive 
asynchronous data as shown in Figure 5. Both the 
transmitter and the receiver are in one MOS CHIP, 
packaged- in a 40 lead ceramic DIP. The array is 
capable of full duplex (simultaneous transmission and 
reception) or half duplex operation: 

The transmitter basically assembles parallel data 
characters into a senal asynchronous data system. 
Control lines are included so that the characters may 
be 5, 6, 7 or 8 bits in length, have an even or odd 
parity bit, and have either one or two* stop bits. 
Furthermore, the baud rate can be set anywhere 
between DC and 20K baud by providing a_ transmit 
clock at 16 times the desired baud rate. 

•1-1/2 with 5 bit code 
"All references to the TR1602 operation also apply 
to the TR1863 operation. 



The receiver disassembles the asynchronous char- 
acters into a parallel data character by searching for 
the start bit of every character, finding the center of 
every data bit, and outputing the characters in a 
parallel format with the start, parity and stop bits 
removed. Three error flags are also provided to indi- 
cate if the parity was in error, a valid stop bit was 
not decoded or the last character was not unloaded 
by the external device before the next character was 
received (and therefore the last character was lost). 
The receiver clock is set at 16 times the transmitter 
baud rate. 

Both the transmitter and receiver have double 
character buffering so that at least one complete 
character interval is always available for exchange of 
the characters with the external devices. This double 
buffering is especially important if the external device 
is a computer, since this provides a much longer 
permissible interrupt latency time (the time required 
for the computer to respond to the interrupt). 

The status of the transmitter buffer and the receiver 
buffer (empty or full) is also provided as an output. 

Another feature of the TR1602 is that the control 
information can be strobed into the transmitter and 
receiver and stored internally. This allows a common 
bus from a computer to easily maintain the controls 
for a large number of transmitter /receivers. 
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The TR16Q2 data and error flag outputs are designed 
for direct compatibility with bus organized systems. 
This feature is achieved by providing completely TTL 
compatible Three-state outputs (no external com- 
ponents are required). Three-state outputs may be 
set to a logic one or logic zero when enabled, or set 
to an open circuit (very high impedancel when dis- 
abled. A separate control line is provided to enable 
the data outputs and another one to enable the error 

flags so that the data outputs can be tied to a 

separate bus from the flag outputs. 

The TR1602 inputs are also directly compatible with 
TTL logic elements without any external components. 

TR1602 Description 

Figure 6 is a block diagram of the transmitter portion 
of the TR1602. Data can be loaded into the Trans- 
mitter Holding Register whenever the Transmitter 
Holding Register Empty (THRE) line is at a logic one, 
indicating that the Transmitter Holding Register is 
empty. The data is loaded in by strobing the Trans- 
mitter Holding Register Load (THRU line to a logic 
zero. The data is automatically transferred to the 
Transmitter Register as soon as the Transmitter 
Register becomes empty. The desired start, stop and 
parity bits are then added to the data and serial 
transmission is started. The number of stop bits and 
the type of parity bit is under control of the Control 
Register. The state of the control lines is loaded into 
the Control Register when the Control Register Load 
(CRU line is strobed to a logic one. The 5 control 
lines allow 24 different character formats as shown in 
Table 1. These 24 formats cover almost ail of the 
transmission schemes presently in use. 

A Master Reset (MR) input is provided which sets 
the transmitter to the idle state whenever this line is 
strobed to a logic one. In addition, a Status Hag 
Disconnect (SFD) line is provided. When this signal 
is at a logic one, the THRE output is disabled and 
goes to a high impedance. This allows the THRE out- 
puts of a number of arrays to be tied to the same 
data bus. 

Figure 7 illustrates the relative timing of the trans- 
mitter signals. After power turn-on, the master reset 
should be strobed to set the circuits to the idle state. 
The external device can then set the transmitter 
register data inputs to the desired value and after the 
data inputs are stable, the load pulse is applied. The 
data is then automatically transferred to the Trans- 
mitter Register where the start, stop and parity (if 
required) bits are added and transmission is started. 
This process is then repeated for each subsequent 
character as they become available. The only timing 
requirement for the external device is that the data 
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inputs be stable during the load pulse (and 20 nsec 
after). 

The TR1602 Transmitter output will have less than 
1% Distortion at baud rates of up to 20K baud 

(assuming the Transmitter Register Clock is perfect) 
and is, therefore, compatible with virtually all other 
asynchronous receivers. 

Figure 8 is a block diagram of the Receiver portion 
of the TR 16X12. Serial asynchronous data is provided 
to the Receiver Input (Rl). A start bit detect circuit 
continually searches for a logic one to logic zero 
transition while in the idle state. When this transition 
is located, a counter is reset and allowed to count 
until the center of the start bit is located. If the input 
is still a logic zero at the center, the signal is 
assumed to be a valid start bit and the counter con- 
tinues to count to find the center of all subsequent 
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data and stop bits. (Verification of the start bit pre- 
vents the receiver from assembling an erroneous data 
character when a logic zero noise spike is presented 
to the Receiver Input). The Receiver is under control 
of the Control Register described in the previous 
paragraph. This register controls the number of data 
bits, number of stop bits, and the type of parity as 
described in Table 1. The word length gating circuit 
adjusts the length of the Receiver Register to match 
the length of the data characters. A parity check 
circuit checks for even or odd parity if parity was 
added by the Transmitter. If parity does not check a 
Parity Error signal will be set to a logic one and this 
signal will be held until the next character is trans- 
ferred to the Holding Register, A circuit is also pro- 
vided that checks the first stop bit of each character. 
If the stop bit is not a logic one, the Framing Error 
line will be set to a logic one and held until the next 



character is transferred to the Holding Register. This 
feature permits easy detection of a break character 
(null character with no stop element). As each 
received character is transferred to the Holding 
Register, the Data Received (DR) line is set to a logic 
one indicating that the external device may sample 
the data output. When the external device samples 
the output, it should strobe the Data Received ReseJ 
(DRR) line to a logic zero to reset the DR line. If the 
DR iine is not reset before a new character is trans- 
ferred to the Holding Register (i.e., a character is 
lost) the Overrun Error line will be set to a logic one 
and held until the next character is loaded into the 
Holding Register. The timing for all of the Receiver 
functions is obtained from the external Receiver 
Register Clock which should be set at 16 times the 
baud rate of the transmitter. 
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Rgure 9 illustrates the relative timing of the Receiver 
signals. A Master Reset strobe places the unit in the 
idle mode and the Receiver then begins searching for 
the first start bit. After a complete character has 
been decoded, the data output and error flags are 
set to the proper level and the Data Received (DR) 
line is set to a logic one. Although it is not apparent 
in Figure 9, the data outputs are set to the proper 
level one half clock period before the OR and error 
flags, which are set in the center of the first stop bit. 
The Data Received Reset pulse resets the DR line to 
a logic zero. Data can be strobed out at any time 
before the next character has been disassembled. 

The TR 16X32 Receiver uses a 16X clock for timing 
purposes. Furthermore, the center of the start bit is 
defined as clock count 7-1/2. Therefore, if the 
receiver clock is a symmetrical square wave as shown 
in Figure 10, the center of the bits will always be 
located within ±3.125% (assuming a perfect input 
clocks thus giving a receiver margin of 46.875%. 



In Rgure 10, the start bit could have started as much 
as one complete clock penod before it was detected, 
as indicated by the shaded area of the negative going 
transition. Therefore, the exact center is aiso un- 
known by the shaded area around the sample point. 
This turns out to be ±1/32 = ±3.125%. 

If the receiver clock is not perfect, then the receiver 
distortion margin must be further reduced. For 
example, if the clock had 1.0% jitter, 0.1% offset 

and the positive clock pulse was only 40% of the 

clock cycle; then, for a 10 element character, the 
clock would add: 



1.0% 
(Jitter) 



(0.1% x 10) 
(Offset) 



0.1 (1/16) 

(Non-symmetrical 

Clock) 



13% Distortion 



(The frequency offset was multiplied by the number 
of elements per character since the offset is cumula- 
tive on each element). 
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APPLICATION NOTE 



FLOPPY DISK CONTROLLER 
APPLICATION NOTE 

Introduction 

The FD1771 is a MOS/LSI device that performs the 
function of interfacing a processor to a flexible (Floppy! 
diskette drive. This single chip replaces nearly 80% of the re- 
puired disk drive interface electronics. (See figure 1-1). It pro- 
vides the data accessing controls and the bidirectional transfer 
of information between the processor's memory and the mag- 
netically stored data on the diskette. The diskette data is stored 
m a data entry format compatible with the IBM 3740 specifi- 
cation iother formats may be used providing more data stor- 
age). Ln this format all information is recorded on tracks 
(radial paths) >n sectors (arc sections) defined by a program- 
med header as shown below: 



FD1771 



FLOPPY DISK FORMATTER/CONTROLLER 



Index Address Mark Data 1 i i i i i o o -PC 

CIock 110 10 111 -07 

ID Address Mark Data i i 1 i i i i o -f = 

CJocx 110 111 -C7 

Data Address Mark Oaia 11111011 -?B 

ClOCK 110 0O1 1 1 -C7 

Deleted Data 11111000 -pb 

Data Address Mark Clock 1 1 1 1 1 »C7 



These patterns are used as synchronization codes bv the 
FD1771 when reading data and are recorded bv the formatting 
command, Write Track, when the FD 1771 is presented with 
data F7 through FE. 
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The FD1771 handles single density frequency modulated 
(FM) data. Each data call is defined by clock pulses. A pulse 
recorded between clock pulses identifies the presence of a 
logic 1 bit; the absence of this pulse is interpreted as a logic 
bit. The Address Marks for Index, ID, and Data are identified 
by a particular pattern not repeated in the remainder of the 
ID field or Data field. This is accomplished by reading patterns 
that are recorded with missing clock bits (logic 0! as shown 
below: 



SECTION I FD1771 DESCRIPTION 

1.1 FD1771 - Flexible Drive Interface (Refe<- to Figure 1-1 
FD1771 Block Diagram) 

The FD1771 generates ail controls to position the read/ 
write head over the desired track. The FD1771 has the capabi- 
lity of sending successive three phase pulses over the lines PH 1 . 
PH2, and PH3 for 3 phase stepping motors or oy sending a 
level over the PH2 iine and pulses over the PH1 •'ines to deter- 
mine direction and stepping rate for step-direction motors. 
The particular motor interface is chosen by hardwiring the ex- 
ternal pin, 3PM. 
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The head is loaded against the recording media (diskette) 
by the HLD (Head Load! signal from the FD1771. A read or 
write operation does not occur until a logic high signal is sam- 
pled at the HLT (Head Load Timing) input. This input is sam- 
pled after a 10 msec internal delav. This input may be wired 
high if 10 msec time is sufficient or a one shot may be used to 
extend this time. If the head is already engaged from a pre- 
vious operation the resetting of bit 2 in the Head or Write 
Command (see Processor Interface) will disable the HLT 
functions and the 10 ms delay. 

When reading the serial data from the disk the FD1771 
will look for the desired sector to be read, check its ID field 
and locate its data address mark. All subsequent serial data is 
assembled in parallel form and presented to the processor 
interface. The serial data read from the Floppy Driver may be 
input as composite data, both dock and data present at the 
FDDATA input, or as separated data in which the data is input 
to the FDDATA pin and the clock is input to the FD Clock 
pin. 



When writing, information is presented as composite of 
serial dock and data pulses of 500 nsec periods. With data 
present at the WO output the WG (Write Gate) signal is acti- 
vated to allow current to flow in the Read/Write head. 

The remaining interface between the FD1771 and the 
Floppy Dr ive con cerns status information.. The IP (Index 
Pulse) and TROO (Track 00! signals are outputs of the drive 
to indicate whan the index mark is encountered (once per 
revolution of the disk! or when the Read/Write head is located 
over Track 00 respectively. 



The WPRT {Write Protect). DINT (Disk Initialization!, 
and Ready signals reflect the drive condition. The Write Pro- 
tea signal, when a logic low, prevents the FD1771 from exe- 
cuting a Write Command. The Disk Initialization inout. when a 
logic low, prevents a Write Track Command and essentially 
disables the rewriting of a format over a previously formatted 
diskette. The Ready signal indicates Floppy Drive readiness 
and a logic low on this input prevents any Read or Write 
command from being exeouted. 
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Other status interface signals are WF (Wnte Fault! from 
tne Onve which signifies a write operation fault such as failure 
to detect write current when WG is turned on terminating the 
Current Write command: and the 7G43 signal to the drive 
indicating me track to be written on is located between Track 
44 and Track 76. This iarter signal is used bv the drive to 
lower the write current on inner tracks and compensate for the 
higner density recording of these tracks. 



1.2 F01771 — Processor Interface (See figure 1-1! 



All commands, status and data are transferred over the 3 



state bidirectional DAL (Data Access! lines. These 8 lines ore- 
sent an ooen circuit to the common processor penoheral bus 
until activated bv the CS (Chip Select) signal. An active CS 
combined with RE {Read Enable! sets the DAI. into the trans- 
mitter mode while the CS combined with an active WE (Write 
Enable! sets the OAL m the receiver mode. The information in 
the FD1771 resides in 5 accessible 3 bit registers. These re- 
gisters are: (1) The bidirsctional Oata Register which acts as 
a parallel buffer for read or write ooerations. and receives the 
desired track number to oe accessed in seek ooeration. 12) "he 
Command register which receives and stores commands from 
a processor. !3) The sector register which receives the be- 
ared sector number to be accessed, (4) The track register whicn 
contains the present Track position, (5) The Status Register 
containing information about the present operation. 



The accessing of the registers is accomplished by a com- 
bination of active levels on the CS. R£, or W£, and the register 
address lines A1 and AO. The Command Register can only 
receive information and the Status Register can only transmit 
information. 

Two signals are available to aid m program resoonse to 
the FD1771. The INTRQ (Interrupt Request) is activated by 
the controller whenever an operation is completed successfully 
or terminated by a fault. The ORQ (Data Request! signal is 
available as an indication of the chips readiness to transfer a 
byte of data during read or write operations. 



A 2MHZ clock is required bv the chip as a reference for 

all timed signals 'such as motor controls and data transfers. The 

MR (Master Reset) clears the command register and initiates a 

Restore (seek track 00) Command when the MR line is re- 

■rned to an inactive state. 



1.3 F01771 Instructions 

The FDT771 can be considered a snecialized microoro- 
cessor with its own instruction repertoire. These are listed in 
the Tables below. 

The Restore, Seek, and the three Step commands position 
the Read/Write head over the desired track. The Restore posi- 
tions it over Track 00, the Seek poisitions it over the track 
specified in the Data Register, and the Step Commands posi- 
tion the head over an adjacent track to its present position. 

The Step In moves the head inward toward the center of the 
disk while the Step Out moves it outward from the center. The 
Step Command moves the head one step in the same direction 
as the previous command. 

The Read and Write commands are the normally exe- 
cuted commands when transferring information. The Read 
command initiates a search for a track and sector code in the 
ID field equal to that in the track and sector registers. When 
found, the data is formatted from serial to parallel and pre- 
sented to the Oata Register along with the setting of the ORQ 
signal. 3y setting of bit 4. in the Read (or Write! command all 
data records from the desired sector until the last sector on the 
track are sequentially assembled. The setting of bit 3 allows 
other combinations of byte count per sector than the stand- 
ard IBM format. 

The Write Command operates similar to the Read 
Command in multiple sector and variable sector length. All 
received words in the Oata register are transferred -to the shift 
register at which time the ORQ line is set. Four separate Oata 
address marks are selectable through bits 1 and which are 
written on the diskette prior to writing the sector data. 



The Read Address command provides the next encountered 
ID field (6 bytesi on the diskette to the processor. This can 
be used to identify the track over which the head resides and 
can be used if one were to multiplex between two or more 
drives and wish to return to the first drive. This could also be 
accomplished by storing the track register in memory and re- 
turning it when reactivating the first drive. 

The Write Track command is basically used for formatting. 
Once the index position is located the F01771 will request 
data and transfer it to the disk including all IO fields, gaos, and 
Oata fields. Special address marks and the CRC characters are 
written by detecting certain data patterns. The Read track 
command allows the reading of the entire recorded oattern on 
a track including gaps. (Refer tp Data Sheet for for- 
matting details! 
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The final command is the Force interrupt which can be 
loaded into the Command register at any time. This will ter- 
minate any present operation and can also generate an inter- 
rupt under four selectable conditions. 

1.4 Status Register (See Table 1, page 16) 

This register contains status information associated with 
each of the command instructions. Bit 7 always reflects the 
Ready condition of the Drive while bit (Busy) always defines 
the status of the FD 1771 concerning present operations. 

COMMAND SUMMARY 







BITS 


TYPE 


COMMAND 


7 6 5 4 


3 


2 


1 







Restore 





h 


V 


H 


r0 




Seek 


1 


h 


V 


n 


r 




Step 


1 u 


h 


V 


M 


r 




Step In 


1 u 


h 


V 


n 


r 




Step Out 


1 1 u 


h 


V 


n 


r 


II 


Read Command 


10 0m 


b 


E 








II 


Write Command 


10 1m 


b 


s 


31 


30 


III 


Read Address 


110 





1 








III 


Read Track 


1110 





1 





? 


III 


Write Track 


1111 





1 








IV 


Force Inter- 
rupt 


110 1 


•3 


12 


h 


"0 



COMMAND FLAG SUMMARY 



TYPE 



h = Head Load flag (Bit 3) 

h=1 , Load head at beginning 

h=0. Do not load head at beginning 

V = Verify flag (Bit 2 ) 

V = l, Verifv on last track 
V=0, No verify 



r i rQ = Stepping motor rate (Bits 1 -0) 
rirg=00, 6ms between steps 

r 1 r O = 01. 6 ms between steps 

r i rn= 1 0, 1 0ms between steps 

r i tq= 1 1 . 20ms between steps 

u= Update flag (Bit 4) 

u=1. Update Track register 
u=0, No update 
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In general bit 1 reflects the state of the external DRQ sig- 
nal while bit 2 indicates lost data due to overrun or underrun 
conditions. The Type 1 or head pos itioning i nstructions use bit 
1 and 2 as a reflection of the IP and TROO inputs respectively. 

Bit 3 normally indicates the encounterance of a CRC 
error in the ID or Data fields except for Read Track and Write 
Track commands in which the CRC is not checked. Bit 4 indi- 
cates that The desired track or sector was not correctly located. 

Bit S reflects the WP input on Seek and Write Commands and 
combines with bit 5 to identify the encountered data address 
mark on the Read command. Sit 5 also indicates the head 
engaged status on Seek commands and Write fault or Write 
commands. 



TYPE II 




m = Multiple Record flag (Bit 4) 




m=0. Single Record 


m=1. Multiple Records 




b = Slock length flag (Bit 3) 




b=1, IBM format (128 to 1024 bytesi 




0*0. Non-IBM format (16 to 4096 bytes) 




aiao = Data Address Mark (Bits 1-0) 




aian=00. FB (Data Marki 




aian=01, FA (Data Mark! 




aian=10, F9 (Data Mark; 




aiarj=11, F8 (Data Mark) 





TYPE III 



s = Synchronize flag (Bit 0) 

s=0, Synchronize to AM 

7=1, Do not synchronize to AM 

TYPE IV 

li 3 Interrupt Condition flags (Bits 3-0) 

1q=1, Not Ready to Ready Transition 
1 1 = 1. Ready to Not Ready Transition 
l2 a 1. Index Pulse 
13=1. Immediate Interrupt 

E=Enable HLD and 10 msec Delay 
E=1, Enable HLD, HLT and 10 msec Delay 
E=0, Head is assumed Engaged and there 

is no 10 msec Oelay 
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WESTERN DIGITAL 



FD1771 



PIN NO 



PIN NAME 



Comp uter Interface: 

7-14 DATA ACCESS LINES 



5,6 



SYMBOL 



DAL0-OAL7 



CHIP SELECT 



REGISTER SELECT UNES 



CS 



AO, A1 



READ ENABLE 



RE 



FUNCTION 



* Eight Qit inverted Bidirectional bus used for transfer 
of data, control, and status. This bus is a receiver 
enabled by WE" or a transmitter enabled by RE. 

• A logic low on this input selects the chip and enables 
computer communication with the device. 

•These mouts select the register to r eceiv e/transfer 
data on the DAL lines under RE and WE control: 



A1 


AO 


RE 


WE 








Status Reg 


Command Reg 





1 


Track Reg 


Track Reg 


1 





Sector Reg 


Sector Reg 


1 


1 


Data Reg 


Data Reg 



•A logic low on this input controls the placement of 
data from a selected register on the DAL when CS is 
low. 



38 



WRITE ENABLE 



DATA REQUEST 



WE 
ORQ 



INTERRUPT REQUEST 



24 CLOCK 

Floppy Disk Interface: 



INTRQ 



CLK 



25 



26 



EXTERNAL DATA SEPERATION XTDS 



FLOPPY DISK CLOCK 
(External Separation) 



FDCLOCK- 



27 


FLOPPY OISK DATA 


FODATA 


31 


WRITE DATA 


WD 


28 


HEAD LOAD 


HLD 


23 


HEAD LOAD TIMING 


HLT 


15 


Phase i/Step 


PH1/STEP 


16 


Phase 2/Direction 


PH2/DIRC 


17 


Phase 3 


PH3 


13 


3 Phase Motor Select 


3PM 



• A logic low on this input gates data on the DAL into 
the selected register when CS is low. 

•This ooen dram output indicates that the OR contains 
assembled data in Read operations, or the OR is em- 
pty in Write operations. This signal is reset when ser- 
viced by the computer through reading or loading the 
DR m Read or Write operation, resoecttvely. Use 10K 
pull-up resistor to 4-5. 

• This open dram output is set at the completion or ter- 
mination of any operation and is reset when a new 
command is loaded into the command register. Use 
10K pull-up resistor to +5. 

• This input requires a free-running 2 MHz * 1% 
square wave clock for internal timing reference. 

•A logic low on this input selects external 'data 
separation. A logic high or open selects the internal 
data separator. 

• This i nput receives the externally seoarated clock 
when xTTJS" - 0. If xTDS - 1, this input should be 
tied to a logic high. 

• This input receives the raw read disk data if XTDS - 
1, or the externally separated data if XTDS - 0. 

•This output contains both clock and data bits of 500 
ns duration. 

• The HLD output controls the loading of the Read- 
Write head against the media the HLT input is sam- 
pled after 10 ms. When a logic high is sampled on the 
HLT input the head is assumed to be engaged. 

•If the 3FM input is a logic low the three pha se motor 
control is selected and PH1, PH2, and PH3 outputs 
form a one active low signal out of three. PHI is ac- 
tive low after MR. If the 3PM input is a logic high the 
step and direction motor control is selected. The step 
output contains a 4usec high signal for each step and 
the direction' output is active high when stepping: ac 
tive low when stepping out. 
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PIN NO.; 



29 



30 



32 



PIN NAME; 

Track Greater Than 43 

WRITE GATE 
Ready 



SYMBOL; 



TG43 



WG 



READY 



33 



WRITE FAULT 



WF 



34 



35 



36 



37 



22 



TRACK 00 



fROO 



INDEX PULSE 



WRITE PROTECT 



DISK INTIALIZATION 



WPRT 



TEST 



DINT 



TEST 



FUNCTION 

"This output informs the drive that the Read-Write 
head is positioned between track 44-76. This output 
valid only during Read and Write Commands. 

•This output is made valid when writing is to be per- 
formed on the diskette. 

•This input indicates disk readiness and is sampled 

for a logic high before Read or Write commands are 
performed. If Ready is low the Read or Write opera- 
tion is not performed and an interrupt is generated. A 
Seek operation is performed regardless of the state 
of Ready. The Ready input appears in inverted format 
as Status Register bit 7. 

•This input detects writing f ault s indications from the 
drive. When "WG - 1 and VVp goes low the current 
Write command is terminated and the Write Fault 
status bit is set. The wF input should be made in- 
active (high) when WG becomes inactive. 

•This input informs the FD1771 that the Read-Write 
head is positioned over Track 00 when a logic low. 

•Input, when low for a minimum of 10 usee, informs 
the FD1771 when an index mark is encountered on 
the diskette. 

• This input is sampled whenever a Write Command is 
received. A logic low terminated the command and 
sets the Write Protect Status bit. 

•The input is sample d whe never a Write Track com- 
mand is received. If DINT - 0, the operation is ter- 
minated and the Write Protect Status bit is set. 



• This input is used for testing purposes only 
should be tied to ~SV or. left open by the user. 



and 



This is a preliminary specification with tentative device parameters and may be subject to change after final product 
characterization is completed. 

Information furnisned by Western Digital Corporation is believed to be accurate and reliable. However, no responsibility is 
assumed by Western Digital Corporation for its use; nor any infringements of patents or other rights of third parties which 
may result from its use. No license is granted by implication or otherwise under any patent or patent rights of Western 
Digital Corporation. Western Digital Corporation reserves the right to change said circuitry at any time without notice. 
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FEATURES 

• TWO VFO CONTROL SIGNALS 

• SOFT SECTOR FORMAT COMPATIBILITY 
© AUTOMATIC TRACK SEEK WITH 

VERIFICATION 

• ACCOMMODATES SINGLE AND DOUBLE 
DENSITY FORMATS 

IBM 3740 Single Density (FM) 

IBM System 34 Double Density (MFM) 

• READ MODE 

Single/Multiple Sector Read with Automatic 

Search or Entire Track Read 
Selectable 128 Byte or Variable length Sector 

• WRITE MODE 

Single/Multiple Sector Write with Automatic 

Sector Search 
Entire Track Write for Diskette Formatting 

• SYSTEM COMPATIBILITY 

Double Buffering of Data 8 Bit Bi-Directional 

Bus for Data, Control and Status 
DMA or Programmed Data Transfers 
All Inputs and Outputs are TTL Compatible 
On-Chip Track and Sector Registers/Comprehensive 



PROGRAMMABLE CONTROLS 
Selectable Track to Track Stepping Time 
Side Select Compare 
WRITE PRECOMPENSATION 
WINDOW EXTENSION 
INCORPORATES ENCODING/DECODING 

AND ADDRESS MARK CIRCUITRY 
FD1792/4 IS SINGLE DENSITY ONLY 
FD1795/7 HAS A SIDE SELECT OUTPUT 

179X-02 FAWHLY CHARACTERISTICS 



O 



FEATURES 


1791 


1793 


1795 


1797 


Single Density (FM) 


X 


X 


X 


X 


Double Density (MFM) 


X 


X 


X 


X 


True Data Bus 




X 




X 


Inverted Data Bus 


X 




X 




Write Precomp 


X 


X 


X 


X 


Side Selection Output 






X 


X 



Status Information 



APPLICATIONS 

FLOPPY DISK DRIVE INTERFACE 

SINGLE OR MULTIPLE DRIVE CONTROLLER/ 

FORMATTER 
NEW MINI-FLOPPY CONTROLLER 



NC 


c 


1 40 " 


W? 


c 


2 39 ; 


CS 


r 


3 38 " 


ft! 


r- 


' 37 [ 


A„ 


Z 


i X '_ 


A ( 


z 


6 35 " 


"DALO 


c 


7 U - 


BaTT 




8 33 " 


OAL2 




9 


1 M 


5aT3 


~ 


10 




31 


oaTJ 




1! 




30 


OAL5 


il 


12 




29 


0iTT> 


13 




28 


DAL 7 


- 


\t 27 


STEP 


— 


15 26 


OIBC 




16 25[ 


EARLY 




17 21 


LATE 




18 23 


mS 




19 22 


GNDs Vss 




20 2i 



V DD , * 12V1 

INTRO 

OHO 

DOEN 

WPRT 

TROO 
WF/VFOE 
; HEADY 
WO 

; wg 

:■ TG43 
: mo 

; RAW READ 
■ RCLK 



CUK 

HI.T 

tTst 



<c 



IB) ^ > 



RE 



•179V3SRG 1795/7= SSO 
"1793/7 THUE BUS 



FLOPPY DISK 

CONTROLLER 

FORMATTER 



DDEN 



V SS VOD VCC 



P\H CONNECTIONS 



RAW READ 



SCLK 



LATE 



10K 
WG 



TROO 



STEP 



»W 



-W 



ONE SHOT 
IIF USEDl 



9 

*5V 
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GENERAL DESCRIPTION 

The FD179X are MOS LSI devices which perform the 
functions of a Floppy Disk Formatter/Controller in 
a single chip implementation. The FD179X, which 
can be considered the end result of both the FD1771 
and FD1781 designs, is IBM 3740 compatible in 
single density mode (FM) and System 34 compatible 
in Double Density Mode (MFM). The FD179X con- 
tains all the features of its predecessor the FD1771, 
plus the added features necessary to read/write and 
format a double density diskette. These include ad- 
dress mark detection, FM and MFM encode and de- 
code logic, window extension, and write precompen- 
sation. In order to maintain compatibility, the FD1771, 
FD1781, and FD179X designs were made as close as 
possible with the computer interface, instruction set, 
and I/O registers being identical. Also, head load 

PIN OUTS 



PIN 
NUMBER 



1 



19 



20 
21 
40 



PIN NAME 



NO CONNECTION 



MASTER RESET 



POWER SUPPLIES 



SYMBOL 



NC 



MR 



COMPUTER INTERFACE: 



5,6 



WRITE ENABLE 



CHIP SELECT 



READ ENABLE 



REGISTER SELECT 
LINES 



Vss 
Vcc 

Vdd 

WE 
CS 

RE 

A0, A1 



7-14 



24 



DATA ACCESS LINES 



control is identical. In each case, the actual pin as- 
signments vary by only a few pins from any one to 
another. 

The processor interface consists of an 8-bit bi- 
directional bus for data, status, and control word 
transfers. The FD179X is set up to operate on a mul- 
tiplexed bus with other bus-oriented devices. 

The FD179X is fabricated in N-channel Silicon Gate 
MOS technology and is TTL compatible on all inputs 
and outputs. The 1793 is identical to the 1791 except 
the DAL iines are TRUE for systems that utilize true 
data busses. 

The 1735/7 has a side select output tor controlling dou- 
ble sided dnves, and the 1792 and 1794 are "Single 
Density Only" versions of the 1791 and 1793. On these 
devices, DDEN must be left open. 



CLOCK 



DAL0-DAL7 



CLK 



FUNCTION 



Pin 1 is internally connected to a back bias 
generator and must be left open by the user, 

A logic low on this input resets the device and 
loads HEX 03 into the command register. The Not 
Ready JStatus Bit 7) is reset during MR ACTIVE. 
When MR is brought to a logic high a RESTORE 
Command is executed, regardless of the state of 
the Ready signal from the drive. Also, HEX 01 is 
loaded into sector register. 

Ground 
^5V *5% 
+ 12V ±5% 

A logic low on this input gates data on the DAL 
into the selected register when CS is low. 

A logic low on this input selects the chip and ena- 
bles computer communication with the device. 

A logic low on this input controls the placement of 
data from a selected register on the DAL when CS 
is low. 

These inputs select the register to_ receive/ 
transfer data on the DAL lines under RE and WE 
control: 

AO RE 

Status Reg 

1 Track Reg 

Sector Reg 

1 Data Reg 

Eight bit inverted Bidirectional bus used for trans- 
fer of data, control, and status. This bus ^receiver 

enabled by WE or transmitter enabled by RE. 

This input requires a free-running square wave 
ClOCk for internal timing reference. 2 MHz for 8" 
drives, 1 MHz for mini-drives. 



A1 



1 
1 



WE 

Command Reg 
Track Reg 
Sector Reg 
Data Reg 



1 10 



PIN 








NUMBER 


PIN NAME 


SYMBOL 


FUNCTION 


38 


DATA REQUEST 


DRQ 


This open drain output indicates that the DR con- 
tains assembled data in Read operations, or the 
DR is empty in Write operations. This signal is 
reset when serviced by the computer through 
reading or loading the DR in Read or Write opera- 
tions, respectively. Use 10K pull-up resistor to +5. 


39 


INTERRUPT 


INTRQ 


This open drain output is set at the completion of any 




REQUEST 




command and is reset when the STATUS register is 
read or the command register is written to. Use 10K 


FLOPPY DISK INTERFACE: 




pull-up resistor to +5. 


15 


STEP 


STEP 


The step output contains a pulse for each step. 


16 


DIRECTION 


DIRC 


Direction Output is active high when stepping in, 
active low when stepping out. 


17 


EARLY 


EARLY 


Indicates that the WRITE DATA pulse occurring 
while Early is active (high) should be shifted early 
for write precompensation. 


18 


LATE 


LATE 


Indicates that the write data pulse occurring while 
Late is active (high) should be shifted late for write 


22 






precompensation. 

This input is used for testing purposes only and 


TEST 


TEST 








should be tied to +5V or left open by the user un- 








less interfacing to voice coil actuated motors. 


23 


HEAD LOAD TIMING 


HLT 


When a logic high is found on the HLT input the 
head is assumed to be engaged. 


25 


READ GATE (1791/3) 


RG 


A high level on this output indicates to the data 
separator circuitry that a field of zeros (or ones) 
has been encountered, and is used for synchroni- 
zation. 


25 


SIDE SELECT OUTPUT 


SSO 


The logic level of the Side Select Output is directly 




(1795, 1797) 




controlled by the 'S' flag in Type II or III commands. 
When S = 1, SSO is set to a logic 1. When S = 0, 
SSO is set to a logic 0. The Side Select Output is only 
updated at the beginning of a Type II or III command. 
It is forced to a logic upon a MASTER RESET 
condition. 


26 


READ CLOCK 


RCLK 


A nominal square-wave clock signal derived from 
the data stream must be provided to this input. 
Phasing (i.e. RCLK transitions) relative to RAW 
READ is important but polarity (RCLK high or low) 


27 






is not. 

The data input signal directly from the drive. This 


RAW READ 


RAW READ 








input shall be a negative pulse for each recorded 








flux transition. 


28 


HEAD LOAD 


HLD 


The HLD output controls the loading of the 
Read-Write head against the media. 


29 


TRACK GREATER 


TG43 


This output informs the dnve that the Read/Write 




THAN 43 




head is positioned between tracks 44-76. This output 
is valid only during Read and Write Commands. 


30 


WRITE GATE 


WG 


This output is made valid before writing is to be 
performed on the diskette. 



1 1 1 



SYMBOL 



•UNCTION 



31 



32 



WRITE DATA 



READY 



WD 



READY 



33 



34 



35 



36 



37 



WRITE FAULT 
VFO ENABLE 



WF/VFOE 



TRACK 00 



INDEX PULSE 



WRITE PROTECT 



DOUBLE DENSITY 



TR00 

ip 

WPRT 
DDEN 



ORGANIZATION 

The Floppy Disk Formatter block diagram is illus- 
trated on page 5. The primary sections include the 
parallel processor interface and the Floppy Disk inter- 
face. 

Data Shift Register— This 8-bit regist er assemble s 
senal data from the Read Data input (RAW READ) 
dunng Read operations and transfers serial data to 
the Write Data output during Write operations. 

Data Register— This 8-bit register is used as a hold- 
ing register dunng Disk Read and Write operations. 
In Disk Read operations the assembled data byte is 
transferred in parallel to the Data Register from the 

Data Shift Register. In Disk Write operations informa- 
tion is transferred in parallel from the Data Register 
to the Data Shift Register. 



A 250 ns (MFM) or 500 ns (FM) pulse per flux 
transition. WD contains the unique Address marks 
as well as data and clock in both FM and MFM 
formats. 

This input indicates disk readiness and is sampled 
for a logic high before Read or Write commands 
are performed. If Ready is low the Read or Write 
operation is not performed and an interrupt is 
generated. Type I operations are performed re- 
gardless of the state of Ready. The Ready input 
appears in inverted format as Status Register bit 
7. 

This is a bi-directional signal used to signify writing 
faults at the drive, and to enable the external PLO 
data separator. When WG = 1, Pin 33 functions as 
a WF input. If WF = 0, any write command will im- 
mediately be terminated. When WG = 0, Pin 33 func- 
tions as a VFOE output. VFOE will go low during a 
read operation after the head has loaded and settled 
(HLT = 1). On the 1795/7, it will remain low until the 
last bit of the second CRC byte in the ID field. VFOE 
will then go high untii 8 bytes (MFM) or 4 bytes (FM) 

before the Address Mark. It will then go active until 
the last bit of the second CRC byte of the Data Field. 
On the 1791/3, VFOE will remain low until the end of 
the Data Field. 

This input informs the FD179X that the Read/Write 
head is positioned over Track 00. 

This input informs the FD179X when the index hole 
is encountered on the diskette. 

This input is sampled whenever a Write Command 
is received. A logic low terminates the command 
and sets the Write Protect Status bit. 

This pin selects either s ingle or double density op- 
eration. When D DEN = 0, double density is 
selected. When DDEN = 1, single density is 
selected. This line must be left open on the 1792/4 



When executing the Seek command the Data Regis- 
ter holds the address of the desired Track position. 
This register is loaded from the DAL and gated onto 
the DAL under processor control. 

Track Registers—This 8-bit register holds the track 
number of the current Read/Write head position. It is 
incremented by one every time the head is stepped in 
(towards track 76) and decremented by one when the 
head is stepped out (towards track 00). The contents 
of the register are compared with the recorded track 
number in the ID field dunng disk Read, Write, and 
Verify operations. The Track Register can be loaded 
from or transferred to the DAL. This Register should 
not be loaded when the device is busy. 
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Sector Register (SR) — This 8-bit register holds the 
address of the desired sector position. The contents 
of the register are compared with the recorded sector 
number in the ID field dunng disk Read or Write op- 
erations. The Sector Register contents can be loaded 
from or transferred to the DAL. This register should 
not be loaded when the device is busy. 

Command Register (CR) — This 8-bit register holds 
the command presently being executed. This register 
should not be loaded when the device is busy unless 
the new command is a force interrupt. The command 
register can be loaded from the DAL, but not read 
onto the DAL. 

Status Register (STR) — This 8-bit register holds de- 
vice Status information. The meaning of the Status 
bits is a function of the type of command previously 
executed. This register can be read onto the DAL, 
but not loaded from the DAL. 

CRC Logic — This logic is used to check or to gener- 
ate the 16-bit Cyclic Redundancy Check (CRC). The 
polynomial is: G(x) = x' 6 + x' 2 + x 5 + 1. 



The CRC includes all information starting with the 
address mark and up to the CRC characters. The 
CRC register is preset to ones prior to data being 
shifted through the circuit. 

Arithmetic/Logic Unit (ALU) — The ALU is a serial 
comparator, incrementer, and decrementer and is 
used for register modification and comparisons with 
the disk recorded ID field. 

Timing and Control — All computer and Floppy Disk 
Interface controls are generated through this logic. 
The internal device timing is generated from an ex- 
ternal crystal clock. 

The FD1 791/3 has two diff erent modes o f opera tion 
according to the state of DDEN. When DDEN = 
double density (MFM) is assumed. When DDEN = 1, 
single density (FM) is assumed. 

AM Detector — The address mark detector detects 
ID, data and index address marks dunng read and 
write operations. 
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PROCESSOR INTERFACE 

The interface to the processor is acco mplished 
through the eight Data Acce ss Li nes (DAL) and as- 
sociated control signals. The DAL are used to trans- 
fer Data, Status, and Control words out of, or into the 
FD179X. The DAL are three state buffers that are en- 
abled as output drivers when Chip Select (CS) and 

Read Enable (RE) are active (low logic state) or act 
as input receivers when CS and Write Enable (WE) 
are active. 

When transfer of data with the Floppy Disk Controller 
is required by the_host processor, the device address 
is decoded and CS is made low. The address bits A1 
and AO, com bined with the signals RE during a Read 
operation or WE during a Write operation are inter- 
preted as selecting the following registers: 

A1-A0 READ (RE) WRITE (WE) 



1 

1 
1 1 



Status Register 
Track Register 
Sector Register 
Data Register 



Command Register 
Track Register 
Sector Register 
Data Register 



During Direct Memory Access (DMA) types of data 
transfers between the Data Register of the FD179X 
and the processor, the Data Request (DRQ) output is 
used in Data Transfer control. This signal also ap- 
pears as status bit 1 during Read and Write opera- 
tions. 

On Disk Read operations the Data Request is acti- 
vated (set high) when an assembled senal input byte 
is transferred in parallel to the Data Register. This bit 
is cleared when the Data Register is read by the pro- 
cessor. If the Data Register is read after one or more 
characters are lost, by having new data transferred 
into the register pnor to processor readout, the Lost 
Data bit is set in the Status Register. The Read op- 
eration continues until the end of sector is reached. 

On Disk Write operations the data Request is acti- 
vated when the Data Register transfers its contents 
to the Data Shift Register, and requires a new data 
byte. It is reset when the Data Register is loaded 
with new data by the processor, If new data is not 
loaded at the time the next serial byte is required by 
the Floppy Disk, a byte of zeroes is written on the 
diskette and the Lost Data bit is set in the Status Re- 
gister. 

At the completion of every command an INTRQ is 
generated. INTRQ is reset by either reading the 
status register or by loading the command register 
with a new command. In addition, INTRQ is gener- 
ated if a Force Interrupt command condition is met. 

FLOPPY DISK INTERFACE 

The 1 7 9 j : _ l l as two modes of operati on according to the 
state of mm (Pin 37). When UUm = 1, single density 
is selected. In either case, the CLK input (Pin 24) is at 
2 MHz. However, when interfacing with the mini-floppy 
the CLK input is set at 1 MHz for both single density and 
double density. When the clock is at 2 MHz, the stepping 
rates of 3, 6, 10, and 15 ms are obtainable. When CLK 
equals 1 MHz these times are doubled. 



HEAD POSITIONING 

Five commands cause positioning of the Read-Write 
head (see Command Section). The period of each 
positioning step is specified by the r field in bits 1 and 
of the command word. After the last directional 
step an additional 15 milliseconds of head settling 
time takes place if the Verify flag is set in Type I 
commands. Note t hat this time doubles to 30 ms for 
a 1 MHz clock. If TEST = 0, there is zero settling 
time. There is also a 15 ms head settling time if the E 
flag is set in any Type II or III command. 

The rates (shown in Table 1) can be applied to a 
Step-Direction Motor through the device interface. 

Step — A 2 ms (MFM) or 4 jxs (FM) pulse is provided 
as an output to the drive. For every step pulse is- 
sued, the drive moves one track location in a direc- 
tion determined by the direction output. 

Direction (DIRC) — The Direction signal is active high 
when stepping in and low when stepping out. The Di- 
rection signal is valid 12 ais before the first stepping 
pulse is generated. 

When a Seek, Step or Restore command is executed 
an optional verification of Read-Write head position 
can be performed by setting bit 2 (V = 1) in the 
command word to a logic 1. The verification operation 
begins at the end of the 15 millisecond settling time 
after the head is loaded against the media. The track 
number from the first encountered ID Field is com- 
pared against the contents of the Track Register. If 
the track numbers compare and the ID Field Cyclic 
Redundancy Check (CRC) is correct, the verify oper- 
ation is complete and an INTRQ is generated with no 
errors. The FD179X must find an ID field with correct 
track number and correct CRC within 5 revolutions of 
the media; otherwise the seek error is set and an 
INTRQ is generated. 

Table 1. STEPPING RATES 



CLK 2 MHz 2 MHz 1 MHz 1 MHz 2 MHz 1 MHz 
DDEN 1 1 x x 

R1 RO TEST=1 fisT=1 TEST=1 TEST=1 TEST=0 TEST=0 



3 ms 3 ms 6 ms 6 ms 

1 6 ma 6 ms 12 ms 12 ms 

10 10 ms 10 ms 20 ms 20 ms 

11 15 ms 15 ms 30 ms 30 ms 



184^3 368>is 

130ms 380fts 

198us 396mS 

208ms 416ji8 



The Head Load (HLD) output controls the movement 
of the read/write head against the media. HLD is ac- 
tivated at the beginning of a Type I command if the h 
flag is set (h = 1), at the end of the Type I command 
if the verify flag (V = 1), or upon receipt of any Type 
II or III command. Once HLD is active it remains ac- 
tive until either a Type I command is received with 
(h = and V = 0); or if the FD179X is in an idle state 

(non-busy) and ?5 index pukes have occurred. 
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Head Load Timing (HLT) is an input to the FD179X 
which is used for the head engage time. When 
HLT = 1, the FD179X assumes the head is com- 
pletely engaged. The head engage time is typically 
30 to 100 ms depending on drive. The low to high 
transition on HLD is typically used to fire a one shot. 
The output of the one shot is then used for HLT and 
supplied as an input to the FD179X. 
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HLT (FROM ONE SHOT) 



HEAD LOAD TIMING 

When both HLD and HLT are true, the FD179X will 
then read from or write to the media. The "and" of 
HLD and HLT appears as a status bit in Type I 
status. 

In summary for the Type I commands: if h = and 
V = 0, HLD is reset. If h = 1 and V = 0, HLD is set at the 
beginning of the command and HLT is not sampled nor 
is there an internal 15 ms delay. If h = and V = 1, 
HLD is set near the end of the command, an internal 
15 ms occurs, and the FD179X waits for HLT to be 
true. If h = 1 and V = 1, HLD is set at the beginning 
or the command. Near the end of the command, after 
all the steps have been issued, an internal 15 ms 
delay occurs and the FD179X then waits for HLT to 
occur. 

For Type II and III commands with E flag off, HLD is 
made active and HLT is sampled until true. With E 
flag on, HLD is made active, an internal 15 ms delay 
occurs and then HLT is sampled until true. 

DISK READ OPERATIONS 

Sector lengths of 128, 256, 512 or 1024 are o btaina- 
ble in either FM or MFM formats. For FM, DDEN 
should be placed to logical "1." For MFM formats, 
DDEN should be placed to a logical "0." Sector 
lengths are determined at format time by a special 
byte in the "ID" field. If this Sector length byte in the 
ID field is zero, then the sector length is 128 bytes. If 
01 then 256 bytes. If 02, then 512 bytes. If 03, then 
the sector length is 1024 bytes. The number of sec- 
tors per track as far as the FD179X is concerned can 
be from 1 to 255 sectors. The number of tracks as far 
as the FD179X is concerned is from to 255 tracks. 
For IBM 3740 compatibility, sector lengths are 128 
bytes with 26 sectors per track. For System 34 com- 
patibility (MFM), sector lengths are 256 bytes/sector 
with 26 sectors/track; or lengths of 1024 bytes/sector 
with 8 sectors/track. (See Sector Length Table.) 



For re ad operations, the FD179X requires RAW 
READ Data (Pin 27) signal which is a 250 ns pulse 
per flux transition and a Read clock (RCLK) signal to 
indicate flux transition spacings. The RCLK (Pin 26) 
signal is provided by some drives but if not it may be 



derived externally by Phase lock loops, one shots, or 
counter techniques. In addition, a Read Gate Signai 
is provided as an output (Pin 25) which can be used 
to inform phase lock loops when to acquire syn- 
chronization. When reading from the media in FM. RG 
is made true when 2 bytes of zeroes are detected. 
The FD179X must find an address mark within the 
next 10 bytes; otherwise RG is reset and the search 
for 2 bytes of zeroes begins all over again. If an ad- 
dress mark is found within 10 bytes, RG remains true 
as long as the FD179X is deriving any useful informa- 
tion from the data stream. Similarly for MFM, RG is 
made active when 4 bytes of "00" or "FF' are de- 
tected. The FD179X must find an address mark 
within the next 16 bytes, otherwise RG is reset and 
search resumes. 

During read operations (WG = 0), the VFOE (Pin 33) 
is pro vided for phase lock loop synchronization. 
VFOE will go active when: 

a) Both HLT and HLD are True 

b) Settling Time, if programmed, has expired 

c) The 179X is inspecting data off the disk 

If WF/VFOE is not used, leave open or tie to a 10K 
resistor to +5. 

DISK WRITE OPERATION 

When writing is to take place on the diskette the 
Write Gate (WG) output is activated, allowing current 
to flow into the Read/Write head. As a precaution to 
erroneous writing the first data byte must be loaded 
into the Data Register in response to a Data Request 
from the FD179X before the Write Gate signal can be 
activated. 

Writing is inhibited when the Write Protect input is a 
logic low, in which case any Write command is im- 
mediately terminated, an interrupt is generated and 
the Write Protect status bit is set. The Write Fault in- 
put, when activated, signifies a writing fault condition 
detected in disk drive electronics such as failure to 
detect write current flow when the Write Gate is acti- 
vated. On detection of this fault the FD179X termi- 
nates the current command, and set s the Write Fault 
bit (bit 5) in the Status Word. The Write Fault input 
should be made inactive when the Write Gate output 
becomes inactive. 

For write operations, the FD179X provides Write 
Gate (Pin 30) and Write Data (Pin 31) outputs. Write 
data co nsists of a series of 500 ns pu lses i n FM 
(DDEN = 1) and 250 ns pulses in MFM (DDEN = 0). 
Write Data provides the unique address marks in 
both formats. 

Also during write, two additional signals are provided 
for write precompensation. These are EARLY (Pin 
17) and LATE (Pin 18). EARLY is active true when 
the WD pulse appeanng on (Pin 30) is to be written 
early. LATE is active true when the WD pulse is to be 
written LATE. If both EARLY and LATE are low when 
the WD pulse is present, the WD pulse is to be written at 
nominal. Since write precompensation values vary from 
disk manufacturer to disk manufacturer, the actual 
value is determined by several one shots or delay lines 
which are located external to the FD179X. The write 
precompensation signals EARLY and LATE are valid 
for the duration of WD in both FM and MFM formats. 
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Whenever a Read or Write command (Type II or III) 
is received the FD179X samples the Ready input. If 
this input is logic low the command is not executed 
and an interrupt is generated. All Type I commands 
are performed regardless of the state of the Ready 
input. Also, whenever a Type II or III command is re- 
ceived, the TG43 signal output is updated. 

COMMAND DESCRIPTION 

The FD179X will accept eleven commands. Com- 
mand words should only be loaded in the Command 
Register when the Busy status bit is off (Status bit 0). 
The one exception is the Force Interrrupt command.' 
Whenever a command is being executed, the Busy 
status bit is set. When a command is completed, an 
interrupt is generated and the Busy status bit is re- 
set. The Status Register indicates whether the com- 
pleted command encountered an error or was fault 
free. For ease of discussion, commands are divided 
into four types. Commands and types are sum- 
marized in Table 2. 



Tatal© 2. COMMAND SUMMARY 



Table 4. FLAG SUMMARY 



BITS 


TYPE COMMAND 


7 


6 


5 


4 


3 2 10 


I 


Restore 














h V r, r„ 


i 


Seek 











1 


h V r, r„ 


I 


Step 








1 


u 


h V r, r„ 


I 


Step In 





1 





u 


h V r, r„ 


I 


Step Out 





1 


1 


u 


h V r, r„ 


II 


Read Sector 


1 








m 


F 2 E F, 


II 


Write Sector 


1 





1 


m 


F 2 E F, ao 


III 


Read Address 


1 


1 








E 


III 


Read Track 


1 


1 


1 





E 


III 


Write Track 


■1 
1 


1 


1 


1 


0.E 


IV 


Force Interrrupt 


1 


1 





1 


ii h h lo 



TYPE II & III COMMANDS 



m = Multiple Record flag (Bit 4) 

m = 0, Single Record 
m = 1. Multiple Records 

an = Data Address Mark (Bit 0) 

an = 0, FB (Data Mark) 

a, = 1, F8 (Deleted Data Mark} 

E = 15 ms Delay (2MHz) 

E = 1, 15 ms delay 

E = 0, no 15 ms delay 

(F 2 ) S = Side Select Flag (1791/3 only) 

S = 0, Compare for Side 
S = 1, Compare for Side 1 

(Fi) C = Side Compare Flag (1791/3 o nly) 

C = 0, disable side select compare 
C = 1, enable side select compare 

(F,) S = Side Select Flag 

(Bit 1. 1795/7 only) 
S = Update SSO to 
S = 1 Update SSO to 1 

(F 2 ) b = Sector Length Flag 
(Bit 3, 1975/7 only) 









Sector Length Field 








00 


01 10 


11 


b = 


= 


256 


512 


1024 


128 


b = 


= 1 


128 


256 


512 


1024 



Note: Bits shown in TRUE form. 



Table 3. FLAG SUMMARY 



Table 5. FLAG SUMMARY 



TYPE I COMMANDS 



h = Head Load Flag (Bit 3) 

h = 1, Load head at beginning 
h = 0, Unload head at beginning 
V = Verify flag (Bit 2) 

V = 1, Verify on destination track 

V = 0, No verify 

r,r,i = Stepping motor rate (B its 1-0) 

Refer to Table 1 for rate summary 

u = Update flag (Bit 4) 

u = 1, Update Track register 
u = 0, No update 



TYPE IV COMMAND 



li = interrupt Condition flags (Bits 3-0) 

10 = 1, Not-Ready to Ready Transition 

11 = 1. Ready to Not-Ready Transition 

12 = 1, Index Pulse 
13=1, Immediate Interrupt 

0, Terminate with no Interrupt 



'0 



TYPE I COMMANDS 

The Type I Commands include the Restore, Seek 
Step, Step-in, and Step-Out commands. Each of the 

rSSfml Com ,T andS COntains a rate fie »d (ror,), which 
determines t,e stepping motor rate as defined in 
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The Type i Commands contain a head load flag (h) 
which determines if the head is to be loaded at the 
beginning of the command. If h = 1, the head is 
loaded at the beginning of the command (HLD output 
is made active). If h = 0, HLD is deactivated. Once 
the head is loaded, the head will remain engaged 
until the FD179X receives a command that specifi- 
cally disengages the head. If the FD179X is idle 
(busy = 0) for 15 revolutions of the disk, the head will 
be automatically disengaged (HLD made inactive). 

The Type I Commands also contain a verification (V) 
flag which determines if a verification operation is to 
take place on the destination track. If V = 1, a verifi- 
cation is performed, if V = 0, no verification is per- 
formed. 

During verification, the head is loaded and after an 
internal 15 ms delay, the HLT input is sampled. 
When HLT is active (logic true), the first encountered 
ID field is read off the disk. The track address of the 



ID field is then compared to the Track Register; if 
there is a match and a valid ID CRC, the verification 
is complete, an interrupt is generated and the Busy 
status bit is reset. If there is not a match but there is 
valid ID CRC, an interrupt is generated, and Seek 
Error Status bit (Status bit 4) is set and the Busy 
status bit is reset. If there is a match but not a valid 
CRC, the CRC error status bit is set (Status bit 3), 
and the next encountered ID field is read from the 
disk for the verification operation. If an ID field with a 
valid CRC cannot be found after four revolutions of 
the disk, the FD179X terminates the operation and 
sends an interrupt, (INTRQ). 

The Step, Step-ln, and Step-Out commands contain 
an Update flag (U). When U = 1, the track register is 
updated by one for each step. When U = 0, the track 
register is not updated. 

On the 1795/7 devices, the SSO output is not affected 
during Type 1 commands, and an internal side com- 
pare does not take place when the (V) Verify Flag is 
on. 




5ET BUST RESET CRC 
SEEK ERROR DRO INTRO 





RESET 
DIRECTION 




HO .. RESTORE 





RESET OIRECTION 



SET DIRECTION 




DELAY ACCOROING 
TOR' BOflEXO 




TYPE ! COMMAND FLOW 



TYPE ! COMMAND FLOW 
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RESTORE (SEEK TRACK 0) 

Upon receipt of thi s comm and the Track 00 (TROO) 
input is sampled. If TROO is active low indicating the 
Read-Write head is positioned over track 0, the Track 
Register is l oaded with zeroes and an interrupt is 
generated. If TROO is not active low, stepping pulses 
(pins 15 to 16) at a ra te specified by the nro field are 
issued until the TROO input is activated. At this time the 
Track Register is l oaded with zeroes and an interrupt is 
generated. If the TROO input does not go active low 
after 255 stepping pulses, the FD179X terminates op- 
eration, interrupts, and sets the Seek error status bit. 
A verification operation takes place if the V flag is 
set. The h bit allows the head to be loaded at the 
start of command. Note that the Restore command is 
executed when MR goes from an active to an inac- 
tive state. 
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TYPE I COMMAND FLOW 



SEEK 

This command assumes that the Track Register con- 
tains the track number of the current position of the 
Read-Write head and the Data Register contains the 
desired track number. The FD179X will update the 
Track register and issue stepping pulses in the ap- 
propriate direction until the contents of the Track re- 
gister are equal to the contents of the Data Register 
(the desired track location). A verification operation 
takes place if the V flag is on. The h bit allows the 
head to be loaded at the start of the command. An 
interrupt is generated at the completion of the com- 
mand. 

STEP 

Upon receipt of this command, the FD179X issues 
one stepping pulse to the disk drive. The stepping 
motor direction is the same as in the previous step 
command. After a delay determined by theriro field, a 
verification takes place if the V flag is on. If the u flag is 
on, the Track Register is updated. The h bit allows the 
head to be loaded at the start of the command. An 
interrupt is generated at the completion of the command. 



STEP-IN 

Upon receipt of this command, the FD179X issues 
one stepping pulse in the direction towards track 76. 
If the u flag is on, the Track Register is incremented 
by one. After a delay determined by the nno field, a 
verification takes place if the V flag is on. The h bit 
allows the head to be loaded at the start of the 
command. An interrupt is generated at the comple- 
tion of the command. 

STEP-OUT 

Upon receipt of this command, the FD179X issues 
one stepping pulse in the direction towards track 0. If 
the u flag is on, the Track Register is decremented by 
one. After a delay determined by the nro field, a ver- 
ification takes place if the V flag is on. The h bit al- 
lows the head to be loaded at the start of the com- 
mand. An interrupt is generated at the completion of 
the command. 

TYPE II COMMANDS 

The Type II Commands are the Read Sector and 
Write Sector commands. Prior to loading the Type II 
Command into the Command Register, the computer 
must load the Sector Register with the desired sector 
number. Upon receipt of the Type II command, the 
busy status Bit is set. If the E flag = 1 (this is the 
normal case) HLD is made active and HLT is sam- 
pled after a 15 msec delay. If the E flag is 0, the 
head is loaded and HLT sampled with no 15 msec 
delay. The ID field and Data Field format are shown 

on page 13, 

When an ID field is located on the disk, the FD179X 
compares the Track Number on the ID field with the 
Track Register. If there is not a match, the next en- 
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countered ID field is read and a comparison is again 
made. If there was a match, the Sector Number of 
the ID field is compared with the Sector Register. If 
there is not a Sector match, the next encountered ID 
field is read off the disk and comparisons again 
made. If the ID field CRC is correct, the data field is 
then located and will be either written into, or read 
from depending upon the command. The FD179X 
must find an ID field with a Track number, Sector 
number, side number, and CRC within four revolutions 
of the disk; otherwise, the Record not found status bit is 
set (Status bit 3) and the command is terminated with an 
interrupt. 
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Sector Length Table 


Sector Length 
Field (hex) 


Number of Bytes 
in Sector (decimal) 


00 
01 
02 
03 


128 

256 

512 

1024 



Each of the Type II Commands contains an (m) flag 
which determines if multiple records (sectors) are to 
be read or written, depending upon the command. If 
m = 0, a single sector is read or written and an inter- 
rupt is generated at the completion of the command. 
If m = 1, multiple records are read or written with the 
sector register internally updated so that an address 
verification can occur on the next record. The 
FD179X will continue to read or write multiple records 
and update the sector register until the sector regis- 
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ter exceeds the number of sectors on the track or 
until the Force Interrupt command is loaded into the 
Command Register, which terminates the command 
and generates an interrupt. 

If the Sector Register exceeds the number of sectors 
on the track, the Record-Not-Found status bit will be 
set. 

The Type II commands also contain side select com- 
pare flags. When C = 0, no side comparison is made. 
When C = 1 , the LSB of the side number is read off the 
ID Field of the disk and compared with the contents of 
the (S) flag. If the S flag compares with the side number 
recorded in the ID field, the 179X continues with the 
ID search. If a comparison is not made within 5 index 
pulses, the interrupt line is made active and the Record- 
Not-Found status bit is set. 

The 1795/7 READ SECTOR and WRITE SECTOR com- 
mands include a 'b' flag. The 'b' flag, in conjunction with 
the sector length byte of the ID Fieid, allows different 
byte lengths to be implemented in each sector. For IBM 
compatability, the 'b flag should be set to a one. The 




TYPE II COMMAND 



's' flag allows direct control over the SSO Line (Pin 2C) 
and is set or reset at the beginning of the command, 
dependent upon the value of this flag. 

READ SECTOR 

Upon receipt of the Read Sector command, the head 
is loaded, the Busy status bit set, and when an ID 
field is encountered that has the correct track 
number, correct sector number, correct side number, 
and correct CRC, the data field is presented to the 
computer. The Data Address Mark of the data field must 
be found within 30 bytes in single density and 43 bytes in 
double density of the last ID field CRC byte; if not, the 
Record Not Found status bit is set and the operation is 
terminated. 

When the first character or byte of the data field has 
been shifted through the DSR, it is transferred to the 
DR, and DRQ is generated. When the next byte is 
accumulated in the DSR, it is transferred to the DR 
and another DRQ is generated. If the Computer has 
not read the previous contents of the DR before a 
new character is transferred that character is lost and 



DELAY ; BYTES OF GAP 




^JiNTiao n£S£T BUStA 



OELAV ' Byte 0^ GAP 



TUflN ONWG& W«*TE 

6 BYTES OF ZEROS 



I ? 1 




1 


WRITE CAT* AU 
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TYPE ff COMMAND 



the Lost Data Status bit is set. This sequence con- 
tinues until the complete data field has been inputted 
to the computer. If there is a CRC error at the end of 
the data field, the CRC error status bit is set, and the 
command is terminated (even if it is a multiple record 
command). 

At the end of the Read operation, the type of Data 
Address Mark encountered in the data field is re- 
corded in the Status Register (Bit 5) as shown below: 

STATUS 
BIT 5 



1 


WRITE SECTOR 



Deleted Data Mark 
Data Mark 



Upon receipt of the Write Sector command, the head 
is loaded (HLD active) and the Busy status bit is set. 
When an ID field is encountered that has the correct 
track number, correct sector number, correct side num- 
ber, and correct CRC, a DRQ is generated. The FD179X 
counts off 1 1 bytes in single density and 22 bytes in 
double density from the CRC field and the Write Gate 
(WG) output is made active if the DRQ is serviced (i.e., 
the DR has been loaded by the computer). If DRQ has 
not been serviced, the command is terminated and the 
Lost Data status bit is set. If the DRQ has been ser- 
viced, the WG is made active and six bytes of zeros 
in single density and 12 bytes in double density are 
then written on the disk. At this time the Data Ad- 
dress Mark is then written on the disk as determined 
by the ao field of the command as shown below: 



ao 



Data Address Mark (Bit 0) 



Deleted Data Mark 
Data Mark 



The FD179X then writes the data field and generates 
DRQ's to the computer. If the DRQ is not serviced in 
time for continuous writing the Lost Data Status Bit is 
set and a byte of zeros is written on the disk. The 
command is not terminated. After the last data byte 
has been written on the disk, the two-byte CRC is 
computed internally and written on the disk followed 
by one byte of logic ones in FM or in MFM. The WG 
output is then deactivated. 

TYPE Hi COMMANDS 

READ ADDRESS 

Upon receipt of the Read Address command, the 
head is loaded and the Busy Status Bit is set. The 



next encountered ID field is then read in from the 
disk, and the six data bytes of the ID field are as- 
sembled and transferred to the DR, and a DRQ is 
generated for each byte. The six bytes of the ID field 
are shown below: 



TRACK 
ADDR 


SIDE 

NUMBER 


SECTOR 
ADDRESS 


SECTOR 
LENGTH 


CRC 

1 


CRC 
2 


1 


2 


3 


4 


5 


6 



Although the CRC characters are transferred to the 
computer, the FD179X checks for validity and the 
CRC error status bit is set if there is a CRC error. 
The Track Address of the ID field is written into the 
sector register. At the end of the operation an inter- 
rupt is generated and the Busy Status is reset. 

READ TRACK 

Upon receipt of the Read Track command, the head 
is loaded and the Busy Status bit is set. Reading 
starts with the leading edge of the first encountered 
h;dex pulse and continues until the next index pulse. 
As each byte is assembled it is transferred to the 
Data Register and the Data Request is generated for 
each byte. No CRC checking is performed. Gaps are 
included in the input data stream. The accumulation 
of bytes is synchronized to each Address Mark en- 
countered. Upon completion of the command, the in- 
terrupt is activated. RG is not activated dunng the 
Read Track Command. An internal side compare is not 
performed dunng a Read Track. 

WRITE TRACK 

Upon receipt of the Write Track command, the head 
is loaded and the Busy Status bit is set. Writing 
starts with the leading edge of the first encountered 
index pulse and continues until the next index pulse, 
at which time the interrupt is activated. The Data Re- 
quest is activated immediately upon receiving the 
command, but writing will not start until after the first 
byte has been loaded into the Data Register If the 
DR has not been loaded by the time the index pulse 
is encountered the operation is terminated making 
the device Not Busy, the Lost Data Status Bit is set, 
and the Interrupt is activated. If a byte is not present 
in the DR when needed, a byte of zeros is substi- 
tuted. Address Marks and CRC characters are writ- 
ten on the disk by detecting certain data byte pat- 
terns in the outgoing data stream as shown in the 
table below. The CRC generator is initialized when 
any data byte from F8 to FE is about to be transfer- 
red from the DR to the DSR in FM or by receipt of 
F5 in MFM. 



GAP 
III 


ID 
AM 


TRACK 
NUMBER 


SIDE 
NUMBER 


SECTOR 
NUMBER 


SECTOR 
LENGTH 


CRC 
1 


CRC 
2 


GAP 
II 


DATA 
AM 


DATA FIELD 


CRC 

1 


CRC 
2 


ID FIELD 


DATA FIELD 



In MFM only, IDAM and DATA AM are preceded by three bytes of A1 with clock transition between bits 4 and 5 
missing. 
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BESET BUSY 

SET NTBQ 
SETRNF 



J 



SHIFT1 BYTE 
INTODSH 



TRANSFER 
BYTE TO DR 



SETDRQ 




YES 



TRANSFER TRACK 

NUMBER TO SECTOR 

REGISTOR 




CBC 
ERROR 



SETCRC 

ERROR BIT 




TYPE IV COMMAND 

FORCE INTERRUPT 

This command can be loaded into the command re- 
gister at any time. If there is a current command 
under execution (Busy Status Bit set), the command 
will be terminated and an interrupt will be generated 
when the condition specified in the lo through b field 
is detected. The interrupt conditions are shown be- 
low: 

lo = Not- Ready-To- Ready Transition 
li = Ready-To-Not- Ready Transition 
I2 = Every Index Pulse 

b = Immediate Interrupt (requires reset, see 
Note) 

NOTE: If lo - la = 0, there is no interrupt generated but 
the current command is terminated and busy is 
reset. This is the only command that will enable 
the immediate interrupt to clear on a subse- 
quent Load Command Register or Read Status 
Register, 

STATUS DESCRIPTION 

Upon receipt of any command, except the Force In- 
terrupt command, the Busy Status bit is set and the 
rest of the status bits are updated or cleared for the 
new command. If the Force Interrupt Command is 
received when there is a current command under 
execution, the Busy status bit is reset, and the rest of 
the status bits are unchanged. If the Force Interrupt 
command is received when there is not a current 
command under execution, the Busy Status bit is 
reset and the rest of the status bits are updated or 
cleared. In this case. Status reflects trie Type I com- 
mands. 



The format of the Status Register is shown below: 



(BITS) 


7 


6 


5 


4 I 3 


2 


1 





S7 


S6 


S5 


S4 ! S3 


S2 


S1 


so 



Status vanes according to the type of command exe- 
cuted as shown in Table 6. 



TYPE III COMMAND 

Read Track/Address 
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Table 6. STATUS REGISTER SUMMARY 





ALL TYPE I 


READ 


READ 


READ 


WRITE 


WRITE 


BIT 


COMMANDS 


ADDRESS 


SECTOR 


TRACK 


SECTOR 


TRACK 


S7 


NOT READY 


NOT READY 


NOT READY 


NOT READY 


NOT READY 


NOT READY 


S6 


WRITE 
PROTECT 











WRITE 
PROTECT 


WRITE 
PROTECT 


S5 


HEAD LOADED 





RECORD TYPE 





WRITE FAULT 


WRITE FAULT 


S4 


SEEK ERROR 


RNF 


RNF 





RNF 





S3 


CRC ERROR 


CRC ERROR 


CRC ERROR 





CRC ERROR 





S2 


TRACK 


LOST DATA 


LOST DATA 


LOST DATA 


LOST DATA 


LOST DATA 


S1 


INDEX 


DRQ 


DRQ 


DRQ 


DRQ 


DRQ 


SO 


BUSY 


BUSY 


BUSY 


BUSY 


BUSY 


BUSY 



STATUS FOR TYPE I COMMANDS 


BIT NAME 


MEANING 


S7 NOT READY 


This bit when set indicates the drive is not ready. When reset it indicates that the drive 
is ready, This bit is an inverted copy of the Ready input and logically 'ored' with MR. 


S6 PROTECTED 


When set, indicates Write Protect is activated. This bit is an inverted copy of WRPT 
input. 


S5 HEAD LOADED 


When set, it indicates the head is loaded and engaged. This bit is a logical "and" of 
HLD and HLT signals. 


S4 SEEK ERROR 


When set, the desirea track was not verified. This bit is reset to when updated. 


S3 CRC ERROR 


CRC encountered in ID field. 


S2 TRACK 00 


When set, indicates Read/Write head is positioned to Track 0. This bit is an inverted 
copy of the TROO input. 


S1 INDEX 


When set, indicates index mark detected from drive. This bit is an inverted copv of the 
IP input. 


SO BUSY 


When set command is in progress. When reset no command is in progress. 


STATUS FOR TYPE II AND III COMMANDS 


BIT NAME 


MEANING 


S7 NOT READY 


This bit when set indicates the drive is not ready. When reset, it indicates that the drive 
is ready. This bit is an inverted copy of the Ready input and 'ored' with MR. The Type II 
and III Commands will not execute unless the drive is ready. 


S6 WRITE PROTECT 


On Read Record: Not Used. On Read Track: Not Used. On any Write: It indicates a 
Write Protect. This bit is reset when updated. 


S5 RECORD TYPB 
WRITE FAULT 


On Read Record: It indicates the record-type code from data field address mark. 
1 = Deleted Data Mark. = Data Mark. On any Write: It indicates a Write Fault. This bit 
is reset when updated. 


S4 RECORD NOT 
FOUND (RNF) 


When set, it indicates that the desired track, sector, or side were not found. This bit is 
reset when updated. 


S3 CRC ERROR 


If S4 is set, an error is found in one or more ID fields; otherwise it indicates error in 
data field. This bit is reset when updated. 


32 LOST DATA 


When set, it indicates the computer did not respond to DRQ in one byte time. This bit is 
reset to zero when updated. 


S1 DATA REQUEST 


This bit is a copy of the DRQ output. When set, it indicates the DR is full on a Read 
Operation or the DR is empty on a Write operation. This bit is reset to zero when up- 
dated. 


SO BUSY 


When set, command is under execution. When reset, no command is under execution. 
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D1691 FLOPPY SUPPORT LOGIC (F.S.L) 



FEATURES 

• Direct interface to the FD179X 

• Eliminates external FDC Logic 

• Data Separation/RCLK GENERATION 

• Write Precompensation Signals 

• VFOE/WF Demultiplexing 
e Programmable Density 

• 8" or 5.25" Drive Compatible 

• All inputs and outputs TTL Compatible 
9 Single +5V Supply 



GENERAL DESCRIPTION 

The WD1691 F.S.L has been designed to minimize the 
external logic required to interface the 1 79X Family of Floppy 
Disk Controllers to a drive. With the use of an external VCO, 
the WD 1691 will generate the RCLK signal for the WD179X, 
while providing an adjustme nt pulse (PUMP) to control the 
VCO frequency. VFOE/WF de-multiplexing is also accom- 
plished and Write Precompensation signals have been in- 
cluded to Interface directly with the WD2143 Clock Generator. 

The WD1691 is implemented in N-MOS silicon gate 
technology and is available in a plastic or ceramic 20 pin 
dual-in-line package. 



o 

IS 



a 
o 
u 
O 







~\J 






WDIN | 


• 1 




20 


"*] vcc 


M 


2 




19 


Z]^ 


13 C 


3 




18 


ZJlate 


wLZ 


4 




17 


EARLY 


STB 


5 


WD1691 


16 


VCO 


WDOUT 


6 




15 


DDEN 


WG CZ 






14 


PD 


VFOE'WF 1 


e 




13 


_J pu 


TG43f~~ 


9 
10 




12 
11 


ZJrclk 


vss L__ 


ZJ R DD 
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P«N 


NAME 


SYMBOL 


FUNCTION 


1 


WRITE DATA 
INPUT 


WDIN 


Ties directly to the FD179X WD pin. 


2, 3, 4,19 


PHASE 
2, 3, 1, 4 


ce ca oi <m 


4 Phase inputs to generate a desired Write Precompensation 
delay. These signals tie directly to the WD2143 Clock 
Generator. 


5 


STROBE 


STB 


Strobe output from the 1691. Strobe will latch at a high level 
on the leading edge of WDIN and reset to a low level on the 
leading edge of 04. 


6 


WRITE DATA 
OUTPUT 


WDOUT 


Senai, pre-compensated Write data stream to be sent to the 
disk drive's WD line. 


7 
8 


WRITE GATE 

VFO ENABLE 
WRITE FAULT 


WG 


Ties directly to the FD179X WG pin. 


VFOE/WF 


Ties directly to the FD179X VFOE/WF pin. 


9 


TRACK 43 


TG43 


Ties directly to the FD179X TG43 pin, If Write Precompen- 
sation is required on TRACKS 44-76. 


10 


v„ 


v ss 


Ground 


11 


READ DATA 


RDD 


Composite dock and data stream input from the drive. 


12 


READ CLOCK 


RCLK 


RCLK signal generated by the WD1691, to be tied to the 
FD179X RCLK pin. 


13 


PUMP UP 


PU 


Tn-state output that will be forced high when the WD1691 
requires an increase in VCO frequency. 


14 
15 


PUMP DOWN 

Double Density 
Enable 


PD 


Tri-state output that will be forced low when the WD1691 re- 
quired a decrease in VCO frequency. 

Double Density Select input. When Inactive (High), the VCO 
• frequency is internally divided by two. 


DDEN 


16 


Voltage 

Controlled 

Oscillator 


VCO 


A nominal 4.0MHz (8" drive) or 2.0MHz (5.25" drive) master 
clock input. 


17, 18 


EARLY 
LATE 


EARLY 
LATE 


EARLY and LATE signals from the FD179X, used to deter- 
mine Write Precompensation. 


20 


v cc 


V« 


+ 5V ± 10% power supply 
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DEVICE DESCRIPTION 



The WD1691 is divided into two sections: 

1 ) Data Recovery Circuit 

2) Write precompensation Circuit 



_The Data Sepa rator or Recover y Circuit has four inputs: 



DDEN, VCO, RDD, and V FOE/WF; and three outputs: PL), 
PD and RCLK. The VFOE/WF input is used in conjunction 
with the Write Gate signal to enable the Data recovery circuit. 
When Write Gate is high, a write operation is taking place, 
and the data recovery circuits are disabled, regardless of the 
state on any other inputs. 



When VFOE/WF and WRITE GATE are low, the data 
recovery circuit is en abled. When the RDD iine goes Active 
Low, the PU or PD signals will become active. If the RDD 
line has made its transition in the beginning of the RCLK 
window, PU will go from a Hl-Z state to a L ogic i, requesting 
an increase in VCO frequency. H the RDD line has made its 
transition at the end of the RCLK window, PU will remain in 
a Hl-Z state while PD will go to a logic zero, requesti ng a 
decrease in VCO frequency. When the leading edge of R DD 
occurs in the center of the RCLK window, both PU and PD 
will remain tri-stated, indicating that no adjustment of the 
VCO freque ncy is needed. The RC LK sign al is a divide-by- 
16 (DDEN = 1) or a divide-by-8 (DDEN = 0) of the VCO 
frequency. 



WG 


VFOE/WF 


RDD 


PU+PD 


1 


X 


X 


Hl-Z 





1 


X 


Hl-Z 








1 


Hl-Z 











Enable 



The Write Precompensation circuit has been designed 
to be used with the WD21 43-01 clock generator. When the 
WD1691 is operated in a "single density only" mode, write 
precompensation as_wejl_as the WD21 43-01 is not needed. 
In this case, ©1 , $2~. 03, 04, and STB should be tied together, 
DDEN left open, and TG43 tied to ground. 



In the double-density mode (DDEN=0), the signals Early 
and Late are used to select a phase input (fT - 14) on the 
leading edge of WDIN. The STB line is latched high when 
this occurs, causing the WD2143-01 to start its pulse gen- 
eration. 02 is used as the write data pulse on nominal 
( Early = Late =f)), 12 is used for early, and "$3 is used for late. 
The leading edge of ^4 resets the STB line i n anticip ation of 
the next write data pulse. When TG43=0 or DDEN=1, Pre- 
compensation is disabled and any transitions on the WDIN 
line will appear on the WDout line. If write precompensation 
is desired on all tracks, le ave TG 43 open (an internal pull-up 
will force a Logic I) while DDEN=0. 



The signals, ODER TG43, and RW have internal pull- 
up resistors and may be left open if a logic I is desired on 
any of these lines. 



The minimum Voh level on PU is specified at 2.4V, 
sourdng 200ua. During PUMP UP time, this output will "drift" 
from a tn-state to ,4V minimum. By tying PU and PD together, 
a PUMP signal is created that will be forced low for a de- 
crease in VCO frequency and forced high for an increase in 
VCO frequency. To speed up nse times and stabilize the 
output voltage, a resistor divider can be used to set the tri- 
state level to approximately 1.4V. This yields a worst case 
swing of i 1V; acceptable for most VCO chips with a linear 
voltage-to-frequencv charactenstic. 

Both PU and PD signals are affected by the width of the 
RAW READ (RDD) pujse. The wider the RAW READ pulse, 
the longer the PU or PD signal (depending upon the phase 
relationship to RCLK) will remain active. If the RAW READ 
pulse exceeds 250ns. (VCO = 4MHz, DDEN = 0) or 500ns. 
(VCO = 4MHz, DDEN = 1), then both a PU and PD will occur 
in the same window. This is undesirable and reduces the 
accuracy of the external integrator or low-pass filter to con- 
vert the PUMP signals into a slow moving D.C. correction 

voltage. 

v/ro Even i U f l,y ' the PUMP s, 9 nals wi " nav e corrected the 
raw 'SKn ***?% ,! he same ir <*Mency multiple as the 
HAW READ signal. The leading edge of the RAW READ 
pulse will then occur in the exact center of the RCLK window 
and ideal condition for the FD179X internal recovery circuits' 
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FD179X Application Notes 



INTRODUCTION 



SYSTEM DESIGN 
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Over the past several years, the Floppy Disk Drive has 
become the most popular on-line storage device for 
mini and microcomputer systems. Its fast access time, 
reliability and low cost-per-bit ratio enables the Floppy 
Disk Drive to be the solution in mass storage for mi- 
croprocessor systems. The drive interface to the Host 
system is standardized, allowing the OEM to substitute 
one drive for another with minimum hardware/ software 
modifications. 



Since Floppy Disk Data is stored and retrieved as a 
self-clocking serial data stream, some means of sep- 
arating the clock from the data and assembling this 
data in parallel form must be accomplished. Data is 
stored on individual Tracks of the media, requiring con- 
trol of a stepper motor to move the Read/Write head 
to a predetermined Track. Byte sychronization must 
also be accomplished to insure that the parallel data 
is properly assembled. After all the design considera- 
tions are met, the final controller can consist of 40 or 
more TTL packages. 

To alleviate the burden of Floppy Disk Controller de- 
sign, Western Digital has developed a Family of LSI 
Floppy Disk controller devices. Through its own set of 
macro commands, the FD179X Controller Family will 
perform all the functions necessary to read and write 
data to the drive. Both the 8" standard and 5 1 A" mini- 
floppy are supported with single or double density re- 
cording techniques. The FD179X is compatible with 
the IBM 3740 (FM) data format, or the System 34 
(MFM) standards. Provisions for non-standard formats 
and variable sector lengths have been included to pro- 
vide more storage capability per track. Requiring stan- 
dard +5, +12 power supplies the FD179X is available 
in a standard 40 pin dual-in-line package. 

The FD179X Family consists of 6 devices. The 
differences between these devices is summarized in 
Figure 1". The 1792 and 1794 are "single density only" 
devices, with the Double Density Enable pin (DDEN) 
left open by the user. Both True and inverted Data bus 
devices are available. Since the 179X can only drive 
one TTL Load, a true data bus system may use the 
1791 with external inverting buffers to arrive at a true 
bus scheme. The 1795 and 1797 are identical to the 
1791 and 1793, except a side select output has been 
added that is controlled through the command Register. 



The first consideration in Floppy Disk Design is to de- 
termine which type of drive to use. The choice ranges 
from single-density single sided mini-floppy to the 8" 
double-density double-sided drive. Figure 2 illustrates 
the various drive and data capacities associated with 
each type. Although the 8" double-density drive offers 
twice as much storage, a more complex data separator 
and the addition of Write Precompensation circuits are 
mandatory for reliable data transfers. Whether to go 
with 8" double-density or not is dependent upon PC 
board space and the additional circuitry needed to ac- 
curately recover data with extreme bit shifts. The byte 
transfer time defines the nominal time required to 
transfer one byte of data from the drive. If the CPU 
used cannot service a byte in this time, then a DMA 
scheme will probably be required. The 179X also needs 
a few microseconds for overhead, which is subtracted 
from the transfer time. Figure 3 shows the actual ser- 
vice times that the CPU must provide on a byte-by-byte 
basis. If these times are not met, bytes of data will be 
lost during a read or write operation. For each byte 
transferred, the 179X generates a DRQ (Data Re- 
quest) signal on Pin 38. A bit is provided in the status 
register which is also set upon receipt of a byte from 
the Disk. The user has the option of reading the status 
register through program control or using the DRQ Line 
with DMA or interrupt schemes. When the data register 
is read,, both the status register DRQ bit and the DRQ 
Line are automatically reset. The next full byte will 
again set the DRQ and the process continues until the 
sector(s) are read. The Write operation works exactly 
the same way. except a WRITE to the Data Register 
causes a reset of both DRQ's. 



RECORDING FORMATS 

The FD179X accepts data from the disk in a Fre- 
quency-Modulated (FM) or Modified-Frequency-Mod- 
ulated (MFM) Format. Shown in Figures 4A and 4B are 
both these Formats when writing a Hexidecimal byte 
of 'D2'. In the FM mode, the 8 bits of data are broken 
up into "bit cells." Each bit cell begins with a clock 
pulse and the center of the bit cell defines the data. If 
the data bit = 0, no pulse is written; if the data = 1, 
a pulse is written in the center of the cell. For the 8" 
drive, each clock is written 4 microseconds apart. 
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FIGURE 1. DEVICE CHARACTERISTICS 



DEVICE 


SNGL DENSITY 


DBLE DENSITY 


INVERTED BUS 


TRUE BUS 


DOUBLE-SIDED 


1791 


X 


X 


X 






1792 


X 




X 






1793 


X 


X 




X 




1794 


X 






X 




1795 


X 


X 


X 




X 


1797 


X 


X 




X 


X 



FIGURE 2. STORAGE CAPACITIES 



I 






UNFORMATTED 




FORMATTED 


i 






CAPACITY (NOMINAL) 


BYTE 


CAPACITY 


t 


DENSITY 


SIDES 




TRANSFER 
TIME 




SIZE 


PER TRACK 


PER DISK 


PER TRACK 


PER DISK 


5V«" 


SINGLE 


1 


3125 


109,375* 


64jus 


2304" 


80.640 


5W 


DOUBLE 


1 


6250 


218,750 


32jzS 


4608"° 


161,280 


5V4" 


SINGLE 


2 


3125 


218,750 


64^s 


2304 


161,280 


5 1 /4" 


DOUBLE 


2 


6250 


437,500 


32jzs 


4608 


322.560 


8" 


SINGLE 


1 


5208 


401,016 


32ms 


3328 


255,256 


8" 


DOUBLE 


1 


10,416 


802,032 


16*as 


6656 


512.512 


8" 


SINGLE 


2 


5208 


802,032 


32/us 


3328 


512,512 


8" 


DOUBLE 


2 


10,416 


1,604,064 


16m-S 


6656 


1,025,024 



•Based on 35 Tracks/Side 
"Based on 18 Sectors/Track (128 byte/sec) 
"Based on 18 Sectors/Track (256 bytes/sec) 
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!n the MFM mode, clocks are decoded into the data 
stream. The byte is again broken up into bit ceils, with 
the data bit written in the center of the bit cell if data 
= 1 . Clocks are only written if both surrounding data 
bits are zero. Figure 4B shows that this occurs only 
once between Bit cell 4 and 5. Using this encoding 
scheme, pulses can occur 2, 3 or 4 microseconds 
apart. The bit cell time is now 2 microseconds; twice 
as much data can be recorded without increasing the 
Frequency rate due to this encoding scheme. 

The 179X was designed to be compatible with the IBM 
3740 (FM) and System 34 (MFM) Formats. Although 
most users do not have a need for data exchange with 
IBM mainframes, taking advantage of these well stud- 
ied formats will insure a high degree of system 
performance. The 179X will allow a change in gap 
fields and sector lengths to increase usable storage 
capacity, but variations away from these standards is 
not recommended. Both IBM standards are soft-sector 
format. Because of the wide variation in address marks, 
the 1 79X can only support soft-sectored media. Hard 
sectored diskettes have continued to lose popularity, 
mainly due to the unavailability of a standard and the 
limitation of sector lengths imposed by the physical 
sector holes in the diskette. 



PROCESSOR INTERFACE 

The Interface of the 1 79X to the CPU consists of an 
8-bit Bi-directional bus, read/write controls and optional 
interrupt lines. By selecting the device via the CHIP 
SELECT Line, each of the five internal registers can 
be accessed. 



Shown below are the registers and their addresses: 



PIN 3 


PIN 6 


PIN 5 


PIN 4 


PIN 2 


CS 


A, 


Ao 


RE=-0' 


WE=*€T 











STATUS REG 


COMMAND 
REG 








1 


TRACK REG 


TRACK REG 





1 





SECTOR REG 


SECTOR REG 





1 


1 


DATA REG 


DATA REG 


1 


X 


X 


H1-Z 


H1-Z 



The Ao, A,, Lines used for register selections can be 
configured at the CPU in a variety of ways. These lines 
may actually tie to CPU address lines, in which case 
the 179X will be memory-mapped and addressed like 
RAM. They may also be used under Program Control 
by tying to a port device such as the 8255, 6820, etc. 
As a diagnostic tool when checking out the CPU in- 
terface, the Track and Sector registers should respond 
like "RAM" when the 179X is idle (Busy = INTRQ = 
0). 

Because of internal synchronization cycles, certain 
time delays must be introduced when operating under 
Programmed I/O. The worst case delays are: 



PERATION 



WRITE TO 
COMMAND REG 



JWRITE TO 
NY REGISTER 



NEXT 
OPERATION 



READ STATUS 
REGISTER 



READ FROM A 
DIFFERENT REG 



DELAY REQ'D 



MFM = 14/iS* 
FM = 28(os 



NO DELAY 




'NOTE: Times Double when CLK = 1MHz (5 1 /s" drive) 



Other CPU interface lines are CLK, MR and DDEN. 
The CLK line should be 2MHz (8" drive) or 1MHz {SV*" 
drive) with a 50% duty cycle. Accuracy should be ±1% 
(crystal source) since all internal timing, including step- 
ping rates, are based upon this clock. 

The MR or Master Reset Line should be strobed a 
minimum of 50 microseconds upon each power-on 
condition. This line clears and initializes all internal reg- 
isters and issues a restore command (Hex '03') on the 
rising edge. A quicker stepping rate can be written to 
the command register after a MR", in which case the 
remaining steps will occur at the faster programmed 
rate. The 179X will issue a maximu m of 25 5 stepping 
pulses in an attempt to expect the TROO line to go 
active l ow. This line should be connected to the drive s 
TROO sensor. 



The DDEN line causes selection of either singl e den- 
sity (DDEN = 1) or double density operation. DDEN 
should not be switched during a read or write operation. 



Each time a command is issued to the 179X, the Busy 
bit is set and the INTRQ (Interrupt Request) Line is 
reset. The user has the option of checking the busy bit 
or use the INTRQ Line to denote command comple- 
tion. The Busy bit will be reset whenever the 179X is 
idle and awaiting a new command. The INTRQ Line, 
once set, can only be reset by a READ of the status 
register or issuing a new command. The MR (Master 
Reset) Line does not affect INTRO. 
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FLOPPY DISK INTERFACE 

The Floppy Disk Interface can be divided into three 
sections: Motor Control, Write Signals and Read Sig- 
nals. All of these lines are capable of driving one TTL 
load and not compatible for direct connection to the 
drive. Most drives require an open-collector TTL inter- 
face with high current drive capability. This must be 
done on all outputs from the 179X. Inputs to the 179X 
may be buffered or tied to the Drives outputs, providing 
the appropriate resistor termination networks are used. 
Undershoot should not exceed -0.3 volts, while integ- 
rity of V, H and V 0H levels should be kept within spec. 

MOTOR CONTROL 

Motor Control is accomplished by the STEP and DIRC 
Lines. The STEP Line issues stepping pulses with a 
period defined by the rate field in all Type I commands. 
The DIRC Line defines the direction of steps (DIRC = 
1 STEP IN/DIRC = STEP OUT). 

Other Control Lines include the TPor Index Pulse. This 
Line is tied to the drives' Index L.E.D. sensor and 
makes an ac tive tra nsition for each revolution of the 
diskette. The TROO Line is another LE.D. sensor that 
informs the 179X that the stepper motor is at its fur- 
thest position, over Track 00. The READY Line can be 
used for a number of functions, such as sensing "door 
open". Drive motor on, etc. Most drives provide a pro- 
grammable READY Signal selected by option jumpers 
on the drive. The 1 79X will look at the ready signal prior 
to executing READ/WRITE commands. READY is not 
inspected during any Type I commands. All Type I 
commands will execute regardless of the Logic Level 
on this Line. 

WRITE SIGNALS 

Writing of data is accomplished by the use of the WD, 
WG, WF, TG43, EARLY and LATE Lines. The WG or 
Write Gate Line is used to enable write current at the 
drive's R/W head. It is made active prior to writing data 
on the disk. The WF or WRITE FAULT Line is used to 
inform the 179X of a failure in drive electronics. This 
signal is multiplexed with the VFOE Line and must be 
logically separated if required. 

The TG43 or "TRACK GREATER than 43" Line is 
used to decrease the Write current on the inner tracks, 
where bit densities are the highest. If not required on 
the drive, TG43 may be left open. 

WRITE PRECOMPENSATION 

The 179X provides three signals for double density 
Write -Precompensation use. These signals are WRITE 
DATA, EARLY and LATE. When using single density 
drives (eighter 8" or SVt"), Write Precompensation is 
not necessary and the WRITE DATA line is generally 
TTL Buffered and sent directly to the drive. In this 
mode, EARLY and LATE are left open. 

For double density use, Write Precompensation is a 
function of the drive. Some manufacturers recommend 
Precompensating the 5%" drive, while others do not. 
With the 8" drive, Precompensation may be specified 
from TRACK 43 on, or in most cases, all TRACKS. If 
the recommended Precompensation is not specified, 



check with the manufacturer for the proper configura- 
tion required. 

The amount of Precompensation time also varies. A 
typical value will usually be specified from 100-300ns. 
Regardless of the parameters used, Write Precom- 
pensation must be done external to the 179X. When 
DDEN is tied low, EARLY or LATE will be activated at 
least 125ns. before and after the Write Data pulse. An 
Algorithm internal the 179X decides whether to raise 
EARLY or LATE, depending upon the previous bit pat- 
tern sent As an example, suppose the recommended 
Precomp value has been specified at 1 50ns. The fol- 
lowing action should be taken: 



EARLY LATE 



ACTION TAKEN 



delay WD by 150ns (nominal) 
1 delay WD by 300ns (2X value) 
1 do not delay WD 

DATA SEPARATION 

The 179X has two inputs (RAW READ & RCLK) and 
one output (VFOE) for use by an external data sepa- 
rator. The RAW READ input must present clock and 
data pulses to the 179X, while the RCLK input provides 
a "window" or strobe signal to clock each RAW READ 
pulse into the device. An ideal Data Separator would 
have the leading edge of the RAW READ pulse occur 
in the exact center of the RCLK strobe. 

Motor Speed Variation, Bit shifts and read amplifier 
recovery circuits all cause the RAW READ pulses to 
drift away from their nominal positions. As this occurs, 
the RAW READ pulses will shift left or right with re- 
spect to RCLK. Eventually, a pulse will make its tran- 
sition outside of its RCLK window, causing either a 
CRC error or a Record-not-Found error at the 179X. 
A Phase-Lock-Loop circuit is one method of achieving 
synchronization between the RCLK and RAW READ 
signals. As RAW READ pulses are fed to the PLL, 
minor adjustments of the free-running RCLK frequency 
can be made. If pulses are occurring too far apart, the 
RCLK frequency is decreased to keep synchroniza- 
tion. If pulses begin to occur closer together, RCLK is 
increased until this new higher frequency is achieved. 
In normal read operations, RCLK will be constantly 
adjusted in an attempt to match the incoming RAW 
READ frequency. 

Another method of Data Separation is the Counter- 
Separator technique. The RCLK signal is again free- 
running at a nominal rate, until a RAW READ pulse 
occurs. The Separator then denotes the position of the 
pulse with respect to RCLK (by the counter value), and 
counts down to increase or decrease the current RCLK 
window. The next RCLK window will occur at a nominal 
rate and will continue to run at this frequency until an- 
other RAW READ pulse adjusts RCLK, but only the 
present window is adjusted. 

Both PPL and Counter/Separator are acceptable 
methods of Data Separation. The PPL has the highest 
reliability because of its "tracking" capability and is rec- 
ommended for 8" double density designs. 
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Figure 12 illustrates a Counter/Separator utiliz- 
ing a PROM as the count generator. Depending upon 
the RAW READ phase relationship to RCLK, the PROM 
is addressed and its data output is used as the counter 
value. A 16MHz clock is required for 8" double density, 
while an 8MHz clock can be used for single density. 
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Figure 14 illustrates a PPL data recovery circuit using 

the Western Digital 1691 Floppy Support device. Both 
data recovery and Write Precomp Logic is contained 
within the 1691, allowing low chip count and PLL re- 
liability. The 74S124 supplies the free-running VCO 
output. The PUMP UP and PUMP DOWN signals from 
the 1691 are used to control the 74S124's frequency. 
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Phase Clock Generator 



FEATURES 

• TRUE AND INVERTED OUTPUTS 
© SINGLE 5 VOLT SUPPLY 

• TTL COMPATABLE 

e ON CHIP OSCILLATOR 

• XTAL OP TTL CLOCK inputs 

• 3 MHz OPERATION 

» TTL CLOCK OUTPUT 

• PROGRAMMABLE PULSE WIDTHS 

• PROGRAMMABLE PHASE WiDTHS 
® NO EXTERNAL CAPACITOR 

• NON-OVERLAPPING OUTPUTS 



GENERAL DESCRIPTION " 

The WD2143-01 Four-Phase Clock Generator is a J 
MOS/LSI device capable of generating four non- &■ 
overlapping clocks. The output pulse widths are * 
controlled by tying an external resistor to the proper 
contro' inputs. AM pulse widths may be set to the 
same width by tying the 0P"vV line through an exter- 
nal leststor Each pulse width can also be individu- 
ally programmed by tying a resistor through the 
appropriate 01 PW — 04PVV control inputs In addi- 
tion, the OSC OUT line provides a TTL square wave 
output at a divide-by-four of the crystal frequency. 



C'4 
cA 



c?a 



GND 



1? 




^'cc 


1? 


n 


ClPft 


16 


~~j 


p4 PW 


1b 




03 PW 


14 


Lj 


i'j P'w 


1 3 


1j 


C* 1 PW 


1? 


TJ 


OSC OUT 


11 


Lj 


XTAL 1 


10 


- 1 


XTAL 2 



PIN CONNECTIONS 




WD2143-01 BLOCK DIAGRAM 



133 



TTL 

MSI 



TYPES SN54LS624 THRU SN54LS629, 

SN74LS624 THRU SN74LS629 

VOLTAGE-CONTROLLED OSCILLATORS 



Separate Supply Voltage Pins for Isolation 
of Frequency Control Inputs and Oscillators 
from Output Circuitry 

Highly Stable Operation over Specified 
Temperature and/or Supply Voltage Ranges 



DEVICE 
TYPE 


SIMILAR 
TO 


NUMBER 
VCO's 


COMP'L 
Z OUT 


ENABLE 


RANGE 
INPUT ex! 


'LS621 


'LS324 


single 


yes 


yes 


ves 


no 


'LS625 


'LS325 


duai 


yes 


no 


no 


no 


I 'LS626 


■LS326 


duai 


yes 


yes 


no 


no 


'LS627 


'LS027 


dual 


no 


no 


no 


no 


'LS62S 


'LS321 


single 


yes 


yes 


yes 


yes 


'LS629 


■LSI 21 


dual 


no 


VfcS 


ves 


no 



description 



Thes-- voltage-controlled oscillators (VCO's! are 
improved versions of the original VCO family: 
SN54LS124, SN54LS324 thru SN54LS327. 
SN74lS124, and SN74LS324 thru SN74LS327 
These new devices feature improved voltage-to- 
freqjency linearity, range and compensation. With 
the exception of the 'LS624 and TS628, aM of these 
devices feature two independent VCO's :n a single 
monolithic chip. Tne 'LS624 'LS625. 'LS626 and 
'LS62S have complementary Z outputs. The output 
frea-itncv foi each VCO is established by a single 
external component (either a capacitor or a crystal), 
in combination with voltage-sensitive inputs used for 
frequency control anc 'requency range Each device 
has a voltage-sensitivt input for frequency control; 
however, the 'LS624. "LS623, ana 'LS629 devices 
also Have one for frequency range. (See Figures 1 
thru 6.1. 

The 'LS628 featuies two ^externa! P |n£ ttlat can 
offer more precise temperature compensation than us 
'LS624 counterpart. 
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•LS526 ITOP VIEW) 
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'LS627 (TOP VIEW! 






'LS626 ITOP VIEW) 
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TYPES SN54LS824 THRU SN54LS629, 
SN74LS824 THB8 SN74LS629 
VOLTAGE-CONTROLLED OSCILLATORS 



-igure 3 and r-gu-e b contain 

jperat>nq rrequen.cv 



•ormat'on 10 choose the proper capacitor value to obta.n the desired 



The devices can .jiio be operated '- n a crystal by connecting a ; undamental series resonant crystal across the Cext 
Dins (Fundamental r-enue.-icv -"=-20 MHz.) Tne frequency control should be connected to 5 voits 3nd, where applicable, 
th- range -.onr'oi should i j so be connected to 5 volts 

A ;:nci" 5 vet vvoolv can oe used: novvever. one set of supply voltage and jmund pins (Vqc ancl Gnd> is orovided 
• or -n e enanie. r/nchrom^afon gat"-g. and output sections, and a eparate set ' P :_vVf-,C anr) t_vGnd; is provided tor the 
oscillator and associated frequency control circuits so that effective -solation can be accomplished ,n the system. P.or 
operation of •■•equencies greater than 10 'vlHc t is recommended that two independent supplies be used. Disabling 
„.ther VCQ o' -he LS625 and 'LS527 can be acn.eved by removing the approor'3te©Vr;c Ar enable input -s provided 
on rhe LS624 'LS625. 1:5628 and 'LS62S When the enable 'nput is low the output >s enabled' when the enable 
mou: s h-gh, tn» "ternal oscilator is disabled. V s high, and Z is low. Caution! Crosstalk may occur ,n the dual devices 
i LS625 LS626. 'LSc_ '. and 'L5629! when both VCO's are operated simultaneously. 

The pulse-svnchron.cation-gafog ;ec r, on ensures that the first output pulse >s neither clipped n r extended. The duty 
cycle of the square wave output s f i:<ed at approximately 50 percent. 

The SN54LS624 thru SN54L5629 are cna . :ter.;ed for operation over the full military temperature range of -55"C to 
125' C. the SIM74LS624 thru SN74LS329 ne characterized for operation from 0"C to 70" C. 



schematics of inputs and outputs 



EQUIVALENT OF EACH 

ENABLE INPUT 

CLS624. 'LS626. 'LS628. ANO 'LS629I 



9 . n ngm 



-M- 



* 



EQUIVALENT OF EACH FREQUENCY 

CONTROL OR l'LS624, 'LS628. ANO 'LS629I 

RANGE INPUT 



.'0 k n J 

1 



;o k n 

'iWt 



TYPICAL OF ALL OUTPUTS 




absolute maximum ratings over operating free-air temperature range (unless otherwise noted^ 



Supply voltage. Vrv; 'see Notes 1 and 2! 
Input voltage' Enjple .->put* 

c rpouency control or range mour* 
Ooerating free-a^r temperature range: SN54LS' Circuits 

SN74LS' Circuits 
Storage temperature r anc« 

.-r.n.'* -iu^- i^-.,e^'!ri. j- •"<: _561'd CS625 LSo23 ..na 
' n- i- < i;-..- i ----.iiM -j'i!, o; 1 LS62- LjG23 ,r x3 L5629 



7 V 
7 V 

-55"C to 125'C 

0'C to 70"C 

-65" C to 150'C 



"i -esseo: *o -he npp^ .-jcna^e ground tsr— nai 
■3 iheet "he iyrr.noi V.-r 'S -.sed 'or me -lomge jap'-ea to ootn -ne ^ qq and 3 



he'.-.se ^ 0*3-5 
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TYPES SN54LSS24 THRU SN54LS828, 

S&I741S624 THRU SN74LSS2S 

VOLTAGE-CONTROLLED OSCILLATORS 



functional block diagram (positive logic! 




logic symbols^ 
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MOTOROLA 



16,384-BIT DYNAMIC RANDOM ACCESS MEMORY 

The MCM4116 is a 16.384 bit, nigh speed dynamic Random 
Access Memory designed for high-performance, low-cos; applications 
in mainframe and butler memories and peripheral storage Organized 
as 16,384 one-bit words and fabricated using Motorola's highly 
reliable N-channel double-polysrhcon technology, this device 
optimizes speed, power, and density tradeoffs 

By multiplexing row and column address inputs, the MCM4116 
requires only seven address lines and permits packaging in Motorola's 
standard 16-pin dual in-line packages. This packaging technique 
allows high system density and is compatible with widely avail- 
able automated test and insertion equipment. Complete address 
decoding is done on chip with address latches incorporated. 

All inputs are TTL compatible, and the output is 3-state TTL 
compatible. The data output of the MCM4116 is controlled by the 
column address strobe and remains valid from access time until the 
column address strobe returns to the high state This output scheme 
allows higher degrees of system design flexibility such as common 
input/output operation and two dimensional memory selection by 
decoding both row address and column address strobes. 

The MCM4116 incorporates a one-transistor cell design and 
dynamic storage techmaues. with each of the 128 row addresses 
requiring a refresh cycle every 2 milliseconds. 

o Flexible Timing with Read-Modify-Write. RAS Only Refresh, 
and Page-Mode Capability 

» Industry Standard 16-Pin Package 

® 16,384 X 1 Organization 

e i 10% Tolerance on All Power Supplies 

» AM Inputs are Fully TTL Compatible 

o Three-State Fully TTL-Compatible Output 

® Common I/O Capability When Using "Early Write" Mode 

e On-Chip Latches for Addresses and Data In 

e Low Power Dissipation - 462 mW Active. 20 mW Standby (Max) 

e Fast Access Time Options: 150 ns - MCM41 16L-15, C-15 
200 ns - MCM41 16L-20, C-20 
250 ns - MCM4 1 1 6L-25, C-25 
300 ns- MCM4116L-30. C-30 

e Easy Upgrade from 16-Pin 4K RAMs 

o Pin Compatible with 2117. 2116, 6616, U-PD416, and 41 16 



ABSOLUTE MAXIMUM RATINGS (See Note n 



Rating 



Voltage on Any Pin Relative to Vfje 



Operating Temperature Range 



Storage Temperature Range 



Power Dissipation 



Dais Out Current 



T A 



Pd 



-0.5 to +20 



-65 to +160 



50 




MOS 



IN CHANNEL! 

16.384-BIT DYNAMIC 

RANDOM ACCESS 

MEMORY 



(%J 




i6 6 pl J 


-jg^Sfff^ 


L SUFFIX 


wfWrt li » 


CERAMIC PACKAGE '« 


if l li ^ 


CASE 690 


ii 




C SUFFIX 




FRIT -SEAL PACKAGE 




CASE 620 





PIN ASSIGNMENT 




V SB 


• I 


"T^ 






16 


V 5S 


Dm 


2[ 








ii> 


CAS 


WHITE 


3 [ 








! H 


Oui 


R"a5 


- i 








I 13 


A6 


AO 


5 [ 








1 '2 


A3 


A2 


« 1 








1 n 


A4 


A1 


' I 








i io 


A5 


V D D 


■ [ 








! 9 


vcc 


PIN NAMES 






A0-A6 




Ado 


trti 


Inp 


Jtl 





°c 



NOTE 1. Permanent device damage may occur if ABSOLUTE MAXIMUM RAT- 
INGS ore exceeded. Functional operation should be restricted to RECOM- 
MENDED OPERATING CONDITIONS. Exposure to higher than recom- 
mended voltages for extended periods of time could affect device reliability. 



Sa5 


Column Add ran* Strobe 


Din 


Onto in 


°out 


Dot* Out 


RAS 


Bow Addrtm Sirobo 


WRITE 


Resd/Writt input 


V BB 


Powor (-5 VI 


V CC 


Power ( + 5 V) 


V DD 


Powor (+12 V) 


v ss 


Ground 



Thu device contains circuitry to protect the 
inputs agamsx damage due 10 high static wolt- 
8g« or electric fields; however , it ts advised that 

norms! precautions be taken to avoid applica- 
tion of any voltage higher than maximum reted 
vottoges io thu high impedance orcuit. 
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MCM4116 



DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature range unless otherwise noted.! 

RECOMMENDED OPERATING CONDITIONS 



Parameter 


Symbol 


Mm 


Typ 


Max 


Unit 


Notes 


Supply Voltage 


v C c 
v S s 

Vrb 


10.8 

4.5 



-4.5 


12.0 

5.0 



-5.0 


13.2 
5.5 


-5.5 


Vdc 
Vdc 
Vdc 
Vdc 


1 
1.2 


Los«c 1 Voltage, RAS, CAS, WRITE 


VfHC 


2.7 


- 


7.0 


Vdc 




Lofltc 1 Voltage, oil inpuis except RAS, CAS. WRITE 


V |H 


2.4 


- 


7.0 


Vdc 




Logic Voltage, all inputs 


V|L 


-1.0 


- 


0.8 


Vdc 




DC CHARACTERISTICS (V DD = 12 V -iovv cc - 50v io%,v BB -50v iow ss *ov.t a o to ?o°c i 


Characteristic 


Symboi 


Mm 


Mix 


Unit* 


Note* 


Average Vqq Power Supply Cu-rent 


'DD1 


- 


35 


mA. 


4 


Vpf Power Supplv Current 


•cc 


- 


- 


mA 


5 


Average VgfJ Power Supply Cu'rent 


'BBI.3 


- 


200 


«* 




Standby Vg B Power Supply Current 


'BB2 


- 


100 






Standby Vqq Power Supply Current 


>DD2 


- 


1.5 


mA 


6 


Average Vqq Power Supply Current dunny 
"RAS only" cycles 


'DD3 




27 


mA 




Input Leakage Current (any input! 


■ULI 


- 


10 ! »A 




Output Leakage Current 


'OIL! 


- 


10 | »A 


6.7 


Output Logic 1 Voltage f5> l ou , - -b mA 


V H 


24 


| Vac 


2 


Output Logic Voltage @ t 0UI M2mA 


VOL 


- 


4 I Vac 
I 




NOTES: 

i Alt voHaget ri-Toreneea to V ss V BB mull be aopi.ea Before and removed afte- oihe< supply voltages 
2 Output voltage wiii swing from V ss to V cc under DDen circuit concnont Fo- Pu'POiei of mamiammg data 
may be reduced to Vgg without attecfng re'resh. ope-slions V OH lmmJ specification *s not guaranteed m rn.s m 
3. Several cyciej are required a'ter power up before p-coe- dev.ee operation u achieved Any 8 cycles wh, C h perlo-n 
A Current • ! proportional to cycle rate, maximum current is measured at the failfiit cycle rate 
5 ire depends upon output loading The V cc ^PD'v <i connected tc the output butter only 
6. Output it d<tabled topc-n circuit 1 and RAS and CAS are both ai a iogic 1 

7 ov «; v 0u! * *55 v ii t 

8 Capactance measured with a Boonion Meter or effective capac.tance calculated from me equation C -^ 


o to." «-' 


~" "cc 
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AC OPERATING CONDITIONS AND CHARACTERISTICS (See Notes 3, 9, 14) 
(Read, Write, and Read-Modify-Wnte Cycles) 
RECOMMENDED AC OPERATING CONDITIONS 

!V DD • 12 V • 10%. V CC • 5.0 V : 10%. V BB - -5.0 V ■ 10%. V ss - V. T A - to 70°C.l 



Parameter 


SymbcJ 


MCM4116-15 


MCM41 16-20 


MCM4116-25 


MCM4 116-30 


Units 


Notes 


Mm 


Max 


Mm 


Man 


Mm 


Max 


Mm 


Max 


Random Read or Write Cycle Time 


•RC 


375 


- 


375 


- 


410 


- 


480 


- 


ns 




Read Write Cvcle Time 


'RWC 


375 


- 


375 


- 


515 


- 


660 


- 


ns 




Access Time Irom Row Address Strobe 


<RAC 


- 


150 


- 


200 


- 


250 


- 


300 


ns 


10. 12 


Access Time from Column Address Strobe 


'CAC 


- 


90 


- 


135 


- 


165 


- 


200 


ns 


11. 12 


Output Bu'ie: and Turn-aH Delay 


! OFf 





40 





50 





60 





60 


ns 




Row Address Slrobe Precha'ge Time 


1RP 


100 


- 


120 


- 


150 


- 


180 


- 


ns 




Row Address Strobe Pulse Width 


IRAS 


150 


10.000 


200 


10.000 


250 


10.000 


300 


10.000 


ns 




Column Address Strobe Pulse Width 


«CAS 


90 


10.000 


135 


10.000 


165 


10.000 


200 


10.000 


ns 




Row to Column Strobe Lead Time 


'RCD 


20 


60 


25 


65 


35 


85 


60 


100 


ns 


13 


Row Address Setup Time 


'ASR 





- 





- 





- 





- 


ns 




Row Address Hold Time 


1RAH 


20 


- 


25 


- 


35 


- 


60 


- 


ns 




Column Address Setup Time 


'ASC 


-10 


- 


-10 


- 


-10 


- 


-10 


- 


ns 




Column AdO'ess Hold Time 


T CAH 


45 


- 


55 


- 


75 


- 


100 


- 


ns 




Column Add-ess Hold Time 
Referenced to RAS 


'AR 


105 


- 


120 


- 


160 


- 


200 


- 


ns 




Transition Time (Rise ano Pan) 


>T 


3.0 


35 


3.0 


50 


3.0 


50 


3.0 


50 


ns 


14 


Read Command Setup Time 


'-RCS 










- 





- 





- 


ns 




Read Command Hold Tirm 


IRCH 





- 





- 





- 





- 


ns 




Wnte Command Hold 7--i? 


'WCH 


45 


- 


55 


- 


75 


- 


100 


- 


ns 




Write Comrr.3nd Hold Time 
Refeienced to RAS 


'•WCR 


105 


- 


120 


~ 


160 


~ 


200 


~ 


ns 




Write Command Pulse Width 


•WP 


45 


- 


55 


- 


75 


- 


100 


- 


ns 




W'ue Command to Row Strobe Lead Time 


•RWL 


60 


- 


80 


- 


100 


- 


180 


- 


ns 




Write Command to Column Strobe 
Lead Time 


'CWL 


60 


- 


80 


~ 


100 


~ 


180 


~ 


..s 




Data m Setup Time 


'DS 





- 





- 





- 





- 


ns 


15 


Data in Hold Time 


t P H 


45 


- 


55 


- 


75 


- 


100 


- 


ns 


15 


Data in Hold Time Referenced to RAS 


<DHR 


105 


- 


120 


- 


160 


- 


200 


- 


ns 




Column to Row Strobe Precnaroe Time 


ICRP 


-20 


- 


-20 


- 


-20 


- 


-20 


- 


ns 




RAS Hold Time 


■RSH 


100 


- 


135 


- 


165 


- 


200 


- 


ns 




Pefiesh Period 


'■RFSH 


- 


2.0 


- 


2.0 


- 


2.0 


- 


20 


ms 




WRITE Command Setup Time 


'wes 


-20 


- 


-20 


- 


-20 


- 


-20 


- 


ns 




CAS to WRITE Delay 


'CWD 


70 


- 


95 


- 


125 


- 


180 


- 


ns 


16 


RAS to WRITE Delay 


'RWD 


120 


- 


160 


- 


210 


- 


280 


- 


ns 


16 


CAS Precharge Time rPage mode cycle only! 


<CP 


60 


- 


80 


- 


100 


- 


100 


- 


ns 




Page Mode Cycle Time 


l PC 


170 


- 


225 


- 


275 


- 


325 


- 


ns 




CAS HdldTime 


1CSH 


150 


- 


200 


- 


250 


- 


300 


- 


ns 





Parameter 


Symbol 


Typ 


Max 


Units 


Notes 


Inpui Capacitance (A0-A5).D in 


Cll 
C|2 
Co 


4.0 
8.0 
5.0 


5.0 
10 
7.0 


pF 
PF 
pF 


9 
9 
'9 


Inpul Capacitance RAS. CAS. WRITE 
Outpui Capacitance lD out i 



NOTES (continued! 
9. AC measure men is assume i j K 5.0 ns. 

10. Assumes thai iRCD * T T ** *RCD '™axi 

1 1 . Assumes thai tftcp * tf ^ tRCD ' max * 

12. Measured with a load circuit equivalent to 2 TTL loads and 100 pF, 

13 Operation withm the tRCD 'max! limit ensures that tRAC f m a*' «n be met tRCD l""***! is spec^ied as a reference point only. it ircD 
is greater than the specified tRCD imaxj limit, then access nerve u controlled exclusively by tCAC 

14 V 1HC im,n! ° f v iH imm) » nd V IL trnax) a [ e reference levels (or measuring timing of input *igr\aU. Alio, transition times are measured 
between VjhC or ^1H and V IL 

15. These parameters are referenced to CAS leading edge in random write cycles and to WRITE leading edge <n delayed write or read-modify- 
write cycles. 

16. lyvCS- l CWD a^ tpyvD are no ' restrictive operating parameters. They are mcluded m the data «heet as elecu-cal ch*racierutics only r l( 
*WCS > *WCS im,n! - the cvc,e ls an Mf, V wme Wrt* Bnd the daIB OUI p,n wiM rema,n open ctremi (high tmpedancef throughout the 
ent.re cycle; if i CWD > tcWD (mini and t RW D > *RWD (mm!, the cycle is a read-write cycle and the data out will contain data read from 
the selected cell, H neither of the above sets of conditions is satisfied the condition of the data out fat accets time} is indeterminate 
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READ CYCLE TIMING 
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WRITE CYCLE TIMING 
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MCM4116 



BEAD WRITE/READ-MODIFY-WRITE CYCLE 
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MCM4116 BIT ADDRESS MAP 
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SILICON) 
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SILICON PROGRAMMABLE 
UNIJUNCTION TRANSISTORS 

designed to enable the engineer to "program" unijunction 
characteristics such as Rrr, V. Iv. an d lp hv merely selecting two 
resistor values. Application includes thynstor -trigger. oscillator, pulse 
and timing circuits. The MPU131. MPU132 and MPU133 mav also 
be used in special thynstor applications due to the availability of an 
anode gate. Supplied in an inexpensive TO-92 plastic package for 
high-volume requirements, this package is readily adaptable for use in 
automatic insertion equipment. 

• Programmable - Rgg, rj, l v and lp. 

• Low On-State Voltage - 1.5 VoltsMaximum(S lp - 50 mA 

• Low Gate to Anode Leakage Current - 5.0 nA Maximum 
a High Peak Output Voltage - 11 Volts Typical 

• Low Offset Voltage - 0.35 Volt Typical !R G = 10 k ohms) 



MAXIMUM RATINGS 


Rating 


Symbol 


Value 


Unu 


Power Dissipation 
Derate Above 25°C 


1'OJA 


375 
5.0 


mw 
mW/°C 


DC Forward Anode Current 
Derate Above 25°C 


it 


200 
2.67 


mA 
mA/°C 


DC Gate Current 


>G 


±20 


mA 


Repetitive Peak Forward Current 

100 ms Pulse Width, 1.0% Duty Cycie 
20 ms Pulse Width. 1.0% Duty Cycle 


'TRM 


1.0 

2.0 


Amp 
Amp 


Non-fiepemive Peak Forward Current 
10 ms Pulse Wtdth 


'tsm 


5.0 


Amp 


Gate to Cathode Forward Voltage 


V GKF 


40 


Volt 


Gate to Cathode Reverse Voltage 


V GKR 


5.0 


Volt 


Gate to Anode Reverse Vottage 


vgab 


40 


Volt 


Anode to Cathode Voltage 


Vak 


±40 


Volt 


Operating Junction Temperature Range 


Tj 


-50 to +100 


°C 


Storage Temperature Range 


T »9 


-65 to +150 


°c 





SILICON 

PROGRAMMABLE UNIJUNCTION 

TRANSISTORS 

40 VOLTS 
375 mW 




T 



SEATING 
PLANE 



D— IK 
STYLE 10: -*- 1 W- L 

PIN 1. CATHODE i 

2. GATE 

3. ANODE 






MILLIMETERS 


INCHES 


DIM 


MIN 


MAX 


MIN 


MAX 


C 


4.450 


4.700 


0.575 


0.185 


D 


0.40? 


0.482 


0016 


0.019 


t 


5»N0M 


5°N0M 


G 


1.150 


1.390 


0.045 


0.055 


J 


2.160 


2420 


0.08b 


0.095 


K 


12.700 


- 


0.500 




L 


1.270 TP 


0.050 TP 


M 


U.U/b" 1 0.330 


U.003 | 0.013 



CASE 29-01 



TM( 



MPU131, MPU132, MPU133 (continued) 



ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 



Charact eristic 


Figure 


Symbol 


Min 


Typ 


Mas 


Unit 


Peak Current MPU131 
IV S - 10 Vdc.R G = 1.0MI21 MPU132 

MPU133 
IV S * 10 Vdc, Rq » 10 k ohms) MPU131 

MPU132 
MPU133 


2.9-14 


IP 


_ 


1.25 
0.19 
0.08 
4.0 
1.20 
0.70 


2.0 
0.30 
0.15 
5.0 
2.0 
1.0 


uA 


Offset Voltage MPU131 
(V s = 10 Vdc. Rq ' 1.0 Mil) MPU132 

MPU133 
1 V s = 10 Vdc. R(3 - 10 k ohmsl (All Types) 


1 


v T 


0.2 
0.2 
0.2 
0.2 


0.70 
0.50 
0,40 
0.35 


1.6 
0.6 
0.6 
0,6 


Volts 


Valley Current 

IVg = 10 Vdc, Rq » I.OMJil MPU131. 132 

MPU133 
!Vs = 10 Vdc. Rq = 10 k ohms) MPU131 

MPU132, 133 


1.4,5. 


'V 


70 
50 


18 
18 
270 
270 


50 
25 


uA 


Gate to Anode Leakage Current 

(V s ' 40 Vdc, T A = 25°C, Cathode Open) 
(Vs = 40 Vdc. T A = 75°C. Cathode Open) 




'GAO 


: 


1.0 
30 


5.0 
75 


nAdc 


Gate to C3!hode Leakage Current 

iV s = 40 Vdc. Anode to Cathode Shorted) 




!GKS 




5.0 


50 


nAdc 


Forward Voltage (If: - 50 mA PeBk) 


1.6 


v F 


- 


8 


1.5 


Volts 


Peak Output Voltage 

(V B = 20 Vdc.Cc 0.2 mF 1 


3.7 


v 


6.0 


11 


~ 


Volts 


Pulse Voltage Rise Time 

(V B »20 Vdc. Cc = 0.2iiFI 


3 


t r 


~ 


40 


80 


ns 



FIGURE 1 - ELECTRICAL CHARACTERIZATION 




vs = RT rir 2 v B 



1A - PROGRAMMABLE UNIJUNCTION 
WITH "PROGRAM- RESISTORS 
RI anil R2 




- EQUIVALENT TEST CIRCUIT FOR 
FIGURE IA USED FOR ELECTRICAL 
CHARACTERISTICS TESTING 
IALS0SEE FIGURE 2) 




1C - ELECTRICAL CHARACTERISTICS 



FIGURE 2 - PEAK CURRENT dp) TEST CIRCUIT 



ADJUST I 100 k > "P«SENSE1 

FOB -£- Uf, < ™„V.|.0nA 

TURN-ON 

THRESHOLD __^ i 

2NS270 



. VB 



.LlT 5 

2NS27 



20 ? UNDER 
1 TEST 



R G = R<2 

Vs ' VB'2 C C 

(See Figure 1) 



FIGURE 3 - V„ AND t r TEST CIRCUIT 

?-v B 




145 



(g) 



MOTOROI.4 




QUAD LINE DRIVER 

The MC1488 is a monolithic quad line driver designed to inter- 
face data terminal equipment with data communications equipment 
in conformance with the specificationsof EIA Standard No. RS-232C. 

Features: 

® Current Limited Outpu* 
±10 mA typ 

® Power-Off Source Impedance 
300 Ohms mm 

• Simple Slew Rate Control with External Capacitor 

© Flexible Operating Supply Range 

e Compatible with AM Motorola MDTL and MTTL Logic Families 



QUAD MDTL LINE DRIVER 
RS-232C 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 



TYPICAL APPLICATION 



LINE DRIVER 



J~ 



D— 




D~ 



MDU LOGiCi^PJT - 



!NTfRCGf*NtCl!NG 



-MCTi LOGIC OUTPUT 




L SUFFIX PSUFFiX 

CERAMIC PACKAGE PLASTIC PACKAGE 
CASE 632 CASE 646 

TO-1 16 

PIN CONNECTIONS 





1H6 



MCI 488 



APPLICATIONS INFORMATION 



FIGURE 13 - POWER-SUPPLY PROTECTION 
TO MEET POWER-OFF FAULT CONDITIONS 



The Electronic Industries Association !ESA) has released the 
RS232C specification detailing the requirements for the interface 
between data processing equipment and data communications 
equipment This standard specifies not only the numbei and type 
of interface leads, but also the voltage levels to be used The 
MC1488 quad driver and its companion circuit, the MC1489 
quad receiver, provide a complete interface system between OTL 
or TTL logic levels and the RS232C defined levels. The RS232C 
requirements as applied to drivers are discussed herein. 

The required driver voltages are defined as between 5 and 15- 
volts in magnitude and are positive for a logic "0" and negative for 
a logic "1" These voltages are so defined when the drivers are 
terminated with a 3000 to 7000-ohm resistor. The MC1488 meets 
this voltage requirement by converting a DTL/TTL logic levei into 
RS232C levels with one stage of inversion. 

The RS232C specification further requires that during trans* 
tions. the driver output slew rate must not exceed 30 volts per 
microsecond. The inherent slew rale of the MC1488 is much too 



FIGURE 12 -SLEW RATE versus CAPACITANCE 
FOR isc * 10 mA 
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fast for this requirement. The curreni limited output of the device 
can be used to control this slew rate by connecting a capacitor to 
each driver output. The required capacitor can be easily determined 
by using the relationship C = !0S * AT/^V from which Figure 12 is 
derived- Accordingly, a 330-pF capacitor on each output will 
guarantee a worst case slew rate of 30 voits per microsecond. 

The interface driver is atso required to withstand an accidental 
short to any other conductor m an interconnecting cable. The worst 
possible signal on any conductor would be another driver using a 
plus or minus 15-volt, 500-mA source. The MC1488 is designed to 
indefinitely withstand such a short to all four outputs in a package 
as long as the power -supply voltages are greater than 9.0 volts {i.e.. 
Vct;^9.0 v : VgE^-g.O VI In same power-supply designs, a loss 
of system power causes a tow impedance on the power-supply out- 
puts. When this occurs, a low impedance to ground would exist at 
the power inputs to the MC1488 effectively shorting the 300-ohm 
output resistors to ground. If all four outputs were then shorted 
to plus or minus 15 volts, the power dissipation in these resistors 



vcc 
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rt>- ~:o- 



ii< 



4h 
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0- T - 



O-j-l...-' 
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i *' 



would be excessive. Therefore, if the system is designed to permit 
low impedances to ground at the power-supplies of the drivers, 3 
diode should be placed in each power-supply lead to prevent over- 
heating m this fault condition These two diodes, as shown in 
Figure 13, could be used to decouple all the driver packages in a 
system. (These same diodes will allow the MC1488 to withstand 
momentary shorts to the ±25-volt limits specified m the earlier 
Standard RS232B.) The additior of the diodes also permits the 
MC1488 to withstand faults with power -supplies of less than the 
9.0 volts stated above. 

The maximum short-circuit current allowable under fault con- 
ditions is more than guaranteed by the previously mentioned 
10 mA output currens limiting. 



Other Applications 

The MC1488 is an extremely versatile line driver with a myriad 
of possible applications. Several features of the drivers enhance 
this versatility. 

1. Output Current Limmng - this enables the circuit designer 
to define the output voltage levels independent of power-supplies 
and can be accomplished by diode clamping of the output pins 
Figure 14 shows the MC1488 used as a DTL to MOS translator 
where the high-level voltage output is clamped one diode above 
ground. The resistor divider shown is used to reduce the output 
voltage below the 300 mV above ground MOS input level limit. 

2. Power-Supply Range - as can be seen from the schematic 
drawing of the drivers, the positive and negative driving elements 
of the device are essentially independent and do not require match- 
ing power-supplies. In fact, the positive supply can vary from a 
minimum seven volts {required for driving the negative pulldown 
section! to the maximum specified 15 volts. The negative supply 
can vary from approximately -2 5 volts to the minimum specified 
-15 volts. The MC1488 will drive the output to within 2 volts of 
the positive or negative supplies as long as the current output limits 
are not exceeded. The combination of the current-limiting and 
supply-voltage features allow a wide combination of possible out- 
puts within the same quad package. Thus if only a portion of the 
four drivers are used for driving RS232C lines, the remainder could 
be used for DTL to MOS or even DTL to DTL translation. Figure 15 
shows one such combination. 
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QUAD LINE RECEIVERS 



The MC1489 monolithic quad line receivers are designed to inter- 
face data terminal equipment with data communications equipment 
in conformance with the specifications of El A Standard No. RS-232C. 



© Input Resistance - 3.0 k to 7.0 kilohms 
o Input Signal Range — ±30 Volts 
© Input Threshold Hysteresis Built In 

© Response Control 

a) Logic Threshold Shifting 
bl Input Noise Filtering 



QUAD SVIDTl 

LINE RECEIVERS 

RS-232C 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 
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J . \ 

H 0- 


IP 


TYPICAL APPLICATION 
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APPLICATIONS INFORMATION 



Genera! Information 

The Electronic Industries Association (E !A) has released the RS-232C 
specification detailing the requirements for the interface between 
data processing equipment and data communications equipment 
This standard specifies not only the number and type of interface 
leads, but also the voltage levels to be used. The MC1488 quad 
driver and us companion circuit, the MCU89 quad receiver 
provide a complete interface system between DTL or TTL logic 
levels and the RS-232C defined levels The RS-232C requirements 
as applied to receivers are discussed herein 

The required input impedance is defined as between 3000 ohms 
and 7000 ohms for input voltages between 3.0 and 25 volts in 
magnitude, and any voltage on the receiver input m an open circuit 
condition must be less than 2.0 voits m magnitude The MC1489 
circuits meet these requirements with a maximum open circuit volt- 
age of one V aE (Ref. Sect. 2.4) 

The receiver shall detect a voltage between -3.0 and -25 volts 
as a logic "V and inputs between +3 and *25 volts as a logic "0' 
(Ref Sect 2.3) On some interchange leads, an open c""cu;! or 
power "OFF" condition (300 ohms or more to ground) shall be 
decoded as an "OFF" condition or logic "V (Ref Sect. 2.5) For 
this reason, the input hysteresis thresholds of the MC 1489 Circuits 
are a!l above ground Thus ar. open or grounded input will cause 
the same output as a negative or logic "1" input 

Device Characteristics 

The MC1489 interface receivers have internal feedback from the 
second stage to the input stage providing input hysteresis for noise 



rejection. The MC1489 input has typical turn-on voltage of 1.25 
volts and turn-off of 1.0 volt for a typical hysteresis of 250 mV. 
The MC1489A has typical turn-on of 1.95 voits and turn-off of 
0.8 vott for typically 1.15 volts of hysteresis. 

Each receiver section has an external response control node in 
addition to the input and output pins, thereby allowing the design- 
er to vary the input threshold voltage levels A resistor can be 
connected between this node and an external power-supply. Fig- 
ures 6, 8 and 9 illustrate the input threshold voltage shift possible 

through this technique. 

This response node can also be us&d :o. the filtering of high- 
frequency, high-energy noise pulses Figures 12 and 13 show 
typical noise-pulse rejection for external capacitors of various sizes 

These two operations on the response node can be combined 
or used individually for many combinations of interfacing appli- 
cations The MC1489 circuits are particular:^ useful for interfacing 
between MOS circuits and MOTL/MTTL logic systems, (n this 
application, the input threshold voyages are adjusted (with the 
appropriate supply and resistor values) to fall m the center of the 
MOS voltage logic levels (See Figure 14} 

The response node may a'so be used as the receiver input as 
long as the designer realises that he may not drive this node with 
a tow impedance source to a voltage greater than one diode above 
ground or less than one diode below ground This feature is 
demonstrated m Figure 15 where two receivers are slaved to the 
same line that must still meet the RS-232C impedance requirement 



FIGURE 12 - TURN-ON THRESHOLD versus CAPACITANCE 
FROM RESPONSE CONTROL PIN TO GND 
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FIGURE 13 - TURNON THRESHOLD versus CAPACITANCE 
FROM RESPONSE CONTROL PIN TO GND 
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designed for • • • 

■ Analog Switches 

■ Choppers 
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ABSOLUTE MAXIMUM RATINGS (25°C) 

Gate-Drain or Gate-Source Voltage (Note 1) 30V 

Gate Current , 50 mA 

Total Device Dissipation at 25°C Ambient 

(Derate 3.27 mW/°C) 360 mW 

Operating Temperature Range -55 to 135°C 

Storage Temperature Range —55 to 150°C =°— «|z! 

Lead Temperature Range I 

(1/16" from case for 10 seconds) , 300°C 6 



ELECTRICAL CHARACTERISTICS (25°C uniess otherwise noted) 



Siliconix 

Performance Curves PS 

See Section 5 

BENEFITS 

® Low Cost 

• Simplifies Series-Shunt Switching when 

when Combined with J1 13, its N-Chan- 

Channel Complement 

® Low Insertion Loss 

R DS(on)<85n(J174) 

@ No Offset or Error Voltages Generated 
by Closed Switch 

Purely Resistive 

High Isolation Resistance from Driver 
« Short Sample and Hold Aperture Time 

C S g(off) < 5.5 pF 

c dg(off) < 5 - 5 P F 
o Fast Switching 

tdfon) + t r = 7 ns Typical 



TO-92 
See Section 7 
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Characteristics 



Gate Reverse Current 
[Note 7\ 



v GS{off) 



Gate-Source Cutoff 
Voltage 



bvgss 



Gate-Source Breakdown 



f DSS 



Saturation Dram Current 



, Dram Cutoff Current 

' D(ofn (Note 2) 



Dram-Source ON 
r DS(oni Resislance 



r Drain-Gate OFF 

^gfoff! Capacitance 



Source-Gate OFF 
Capacitance 



Bottom ViM 

■£> 

Bottom Vwv, 

MB) 






Typ 



Typ 



Typ 



Test Condition! 



VDS = 0. V G S s 20 V 



V D S = -15V.lD"-10nA 



VDS-OlG - ' uA 



V DS = -15V,V GS = 



Vps- -15v,Vgs s lev 



VGS"0. V DS --0.1 V 



"DS = °- V GS - '0 V 



VDS - VGS - 



Switching Time Test Conditions 

J174 Jt75 J17G JI77 

Vod -10 V -6V -6V -6V 

v GS{off) 12 V 8V 6V 3V 

v GSfon) OV 



«- K-urc, .„d dram „.* ,„ IBOllnged . * *™'°"™ tt " <>°»»<> <» 'very ,0°C i„c~ 
■ . . "'** '«*' du '»"°" • 300 us. duty cycle < 3% 
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COLOR TV VIDEO MODULATOR 

.an integrated circuit used to generate an RF TV signal from 
baseband color-difference and luminance signals. 

The MC1372 contains a chroma subcarrier oscillator, lead and lag 
network, a quasi-quadrature suppressed carrier DSB chroma modula- 
tor, an RF oscillator and modulator, and a TTL compatible clock 
driver with adjustable duty cycle. 

The MC1372 is a companion part to the MC6847 Video Display 
Generator, providing and accepting the correct dc interconnection 
levels. This device may also be used as a general-purpose modulator 
with a variety of video signal generating devices such as video games, 
test equipment, video tape recorders, etc. 
© Single 5.0 Vdc Supply Operation for NMOS 

and TTL Compatibility 
a Minimal External Components 
e Compatible with MC6847 Video Displav Generator 
e Sound Carrier Addition Capability 

• Modulates Channel 3 or 4 Carrier with Encoded Video Signal 
© Low Power Dissipation 

e Linear Chroma Modulators for High Versatility 

• Composite Video Signal Generation Capability 

• Ground-Referenced Video Prevents Overmodulation 



MC1372 



COLOR TV 

VIDEO 

MODULATOR CIRCUIT 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 




P SUFFIX 

PLASTIC PACKA.Ifl 
CASE 6«S 



Pin Connactions 








Clock py- 

Oscillator j-r- 
input Li- 




33 1 

>RF T.n* 


Duty CycIb r-r- 

Adi Li. 




lilOulPul 


Gnd [T 




TTJvcc 


Color a r-=- 
inout Ll^ 




— — • ChfOfn>"*"'» 


Color Rof r— 

Input LJL 




uh.r.""" 


Color A j-j— 




—i Modulator 
Output 






... 



r:GURE 1 - BLOCK DIAGRAM 
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MAXIMUM RATINGS (T A - 25°C unless otherwise noted) 



Rating 


Value 


Unit 


Supply Voltage 


8.0 


Vdc 


Operating Ambient Temperature flange 


to •* 70 


°C 


Storage Temperature Range 


-65 to* 150 


°C 


Junction Temperature 


150 


°c 


Power Dissipation. Package 
Derate above 25°C 

. — ^_ 


1.25 
13 


Watts 
mW/°C 



RECOMMENDED OPERATING CONDITIONS 



Supply Voltage 


B.0 


Vdc 


Luma Input Voltage - Sync Tip 

Peak White 


1.0 
0.35 


vac 


Color Reference Voltage 


1.5 


Vdc 


Color A. B Input Voltage Range 


1 .0 to 2.0 


Vdc 



ELECTRICAL CHARACTERISTICS IV CC • +5 Vdc. T A - 25°C. Test Circuit 1 unless otherw.se noted) 




Characteristic 


Min 


Typ 


Max 


1 Unit 


Operating Supply Voltage 


4.75 


5.0 


5.25 


| Volts 


Supply Current 


- 


25 


- 


j mA 



CHROMA OSCILLATOR/CLOCK DRIVER (Measured at Pin 1 unless otherwise noted) 



Output Voltage 


(V 0L I 
(V Hi 


2.4 


- 


0.4 


Vdc 




- 


- 


50 


ns 


Fall Time (V1 •= 2.4 to 0.4 Vdcl 


- 




50 


ns 


Duty Cycle Adjustment Range !V3 = 5.0 Vdcl 
(Measured at VI =1.4 V) 




70 


- 


30 


% 


Inherent Duty Cycle (No connecnon lo Pin 3) 


- 


50 


_ 


% 


CHROMA MODULATOR (V5 - V6 * V? = 1 .5 Vdc un 


ess otherwise note 


31 









Input Common Mode Voltage Range (Pins 5. 6. 7) 


OB 




2.3 


Vdc 


Oscillator Feedthrough (Measured at Pin 8) 


_ 


15 


31 




Modulation Angle [08IV7 - 2.0 Vdc) - S8IV5 => 2.0 Vdc)l 


85 


100 


115 




Conversion Gam [V8/IV7 - V6h V8/IV5 - V6)l 




0.6 




Vtp-p)/Vdc 


Input Current (Pins 5, 6, 7) 


_ 


_ 


-20 


«A 


Input Resistance (Pins 5. 6, 7) 


100 


_ 


_ 


kn 


Input Capacitance (Pins 5. 6, 71 


- 


- 


5.0 


PF 


Chroma Modulator Linearity 

(V5 - 1.0 to 2.0 V: V7 « 1.0 to 2.0 V) 




4.0 


- 


% 


RF MODULATOR 











TEMPERATURE CH ARACTERISTICS iV pc « 5 Vdc. Tfl * to 7Q°C IC nnlv i 
Chroma Oscill ator Oeyatran (i„ « 3 .57 3541; mh.i 
^Oscillator Deviation (f 



NOTE 1 . V9 - 1 .0 Vdc. V C - 300 m V( P<1 , e 358 

V S - 250 mV(p.p| @ 4.5 MHz. Source Impedanc. 



Luma Input Dynamic Range (Pin 9. Test Circuit 2) 





- 


1.5 


Volts 


RF Output Voltage (f = 67.25 MHz. V9 - 1 .0 V) 


- 


15 


_ 


mVrms 


Luma Conversion Gain 

(AV12/AV9.V9-0.1 to 1 .0 Vdc) Test Circuit 2 




OS 




v/v 


Chroma Conversion Gam 

(AV12/AV10;V10» 1.5 Vp-p. V9- 1 .0 Vdc) Test Circuit 2 




0.95 




v/v 


Uiroma Linearity (Pin 12. V10 » 1.5 Vp-pl Test Circuit 2 


_ 


1.0 




% 


Luma Linearity (Pin 12. V9 = to 1 3 Vdc) Test Circuit 2 


_ 


2.0 


_ 


% 


Input Current (Pin 9) 


_ 


_ 


-20 


»A 


Input Resistance (Pin 10) 


„ 


800 






Input Resistance (Pin 9) 


100 


- 


_ 


kn 


Input Capacitance (Pins 9, 101 


_ 


__ 


5.0 


pP 


. Residual 920 kHl (Measured at Pin 12) See Note 1 


_ 


50 






_Output Current (Pin 12, V9 - VI Test Circuit 2 


_ 


1.0 


_ 
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FIGURE 2 - TEST CIRCUIT 1 



r 

L-t-J 

± 



+ 5 V 

_0~ 



3 579545 MHi ? 






5.6 k ? — — 



ClOCk Q„ 

Output 



T 






r* > 1 HH 



<» — 1( — II 



V12 
6 O RF Output 



» 5 61 7 9 3 tSV 



Chroma Modulator 
1 Output 



o— j ( a -vw — ®— o v c 



o.i 



V5 V6 V7 V9 



»F 
JlOk 



Outv Cycia 
Adjust 



FIGURE 3 - TEST CIRCUIT 2 



»5 V 

9 



JT 



360 > 2 * , 



5-6 
. V 



r 1 1 | 13| 14 

-Pi T ;; 



3.579545 MH; 

-9 » 



M~\ 



V12 

I Video Ouiput 



8 n Chroma Modulator 
Output 



91 31 0.1 JiF 



O j( O V10 



V5 V6 V7 V9 



153 



MC1372 




754 



MC1372 



OPERATIONAL DESCRIPTION 

Pin 1 - Clock Output 

Provides a rectangular pulse output waveform with 
frequency equal to the chrominance subcarrier oscillator. 
This output is capable of driving one LS-TTL load. 

Pin 2 - Oscillator Input 

Color subcarrier oscillator feedback input. Signal from 
the clock output is externally phase shifted and ac cou- 
pled to this pin. 

Pin 3 - Duty Cycle Adjust 

A dc voltage applied to this pin adjusts the duty cycle 
of the clock output signal. If the pin is left unconnected, 
the duty cycle is approximately 50%. 
Pin 4 — Ground 

Pin 5 - Color B Input 

Dc coupled input to Chroma Modulator 8, whose 
phase leads modulator A by approximately 100°: The 
modulator output amplitude and polarity correspond to 
the voltage difference between this pin and the Color 
Reference Voltage at Pin 6. 

Pin 6 — Color Reference Input 

The dc voltage applied to this pin establishes the 
reference voltage to which Color A and Color B inputs 
are compared. 

Pin 7 - Color A Input 

Dc coupled input to Chroma Modulator A, whose 
phase lags modulator B by approximately 100°. The 
modulator output amplitude and polarity correspond to 
the voltage difference between this pin and the Color 
Reference Voltage at Pin 6. 

Pin 8 — Chroma Modulator Output 

Low impedance (emitter follower) output which 
provides the vectorial sum of chroma modulators A 
andB. 

Pin 9 — Luminance Input 

Input to RF modulator. This pin accepts a dc coupled 
luminance and sync signal. The amplitude of the RF signal 
output increases with positive voltage applied to the pin, 
and ground potential results in zero output (i.e., 100% 
modulation). A signal with positive-going sync should 
be used. 

Pin 10 - Chrominance Input 

Input to the R F modulator. This pin accepts ac coupled 
chrominance provided by the Chroma Modulator Output 
(pin 8). The signal is reduced by an internal resistor divider 
before being applied to the RF modulator. The resistor 
divider consists of a 300 ohm series resistor and a 500 
ohm shunt resistor. Additional gain reduction may be 
obtained by the addition of external series resistance 
to pin 10. 



Pin11-V C C 

Positive supply voltage 

Pin 12 - R F Modulator Output 

Common collector of output modulator stage. Output 
impedance and stage gain may be selected by choice of 
resistor connected between this pin and dc supply. 

Pins 13 and 14 -RF Tank 

A tuned circuit connected between these pins deter- 
mines the RF oscillator frequency. The tuned circuit must 
provide a low dc resistance shunt. Applying a dc offset 
voltage between these pins results in baseband composite 
video at the RF Modulator Output. 

MC1372 CIRCUIT DESCRIPTION 

The chrominance oscillator and clock driver consist of 
emitter follower Q4 and inverting amplifier Q5. Signal 
presented at clock driver output pin 1 is coupled to 
oscillator input pin 2 through an external RC and crystal 
network, which provides 180° phase shift at the resonant 
frequency. The duty cycle of the output waveform is 
determined bv the dc component at pin 1 internally 
coupled through R12 to the base of Q4. As pin 1 dc 
voltage increases, a smaller portion of the sinusoidal 
feedback signal at pin 2 exceeds the Q4 base voltage of 
two times Vg£ required for conduction. As the dc level 
is reduced, device Q4 and thus Q5 is turned on for a 
longer percentage of the cycle. Transistors Q0, Q1. 
Q2 and diode D1 provide the basing network which 
determines the dc operating level of the oscillator. The 
transistor Q2 and resistors R5, R6, and R7 form a voltage 
reference of four times VgE at the collector of Q2. The 
dc voltage at pin 1 is determined by the values of R4, 
R8. and R12 and the applied duty cycle adiust voltage 
at pin 3. Since these resistors are nominally equal, the 
voltage at pin 1 will always approximate the dc voltage 
at pin 3. 

The oscillator signal at pin 1 is internally coupled to 
active filter Q44. This filter reduces the frequency content 
above 4 MHz. The output of the filter at the emitter of 
Q44 is ac coupled through C3 to the input of the lead/lag 
network. R32 and CI provide approximately 50° of phase 
lag, while C2 and R29 provide approximately 50° of 
phase lead. These two quasi-quadrature waveforms are 
used to switch chroma modulators B and A, respectively. 
The transistors Q22 through Q25 and 032-Q33 form 
a doubly balanced modulator. The input signal applied 
at pin 5 is compared to the color dc reference voltage 
applied at pin 6 in differential amplifier Q32-Q33. The 
source current provided by transistor Q34 is partitioned 
in transistors Q32 and Q33 according to the differential 
input signal. The bases of transistors Q23 and 0.24 are 
connected to the dc reference voltage at the emitter of 
Q30. The bases of transistors Q22 and Q25 are connected 
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to the phase delayed oscnidior signa! at the emitter of 
buffer transistor Q21. The differential signal currents 
provided by Q32 and Q33 are switched in transistors 
Q22 through Q25 and the resultant signal voltage ts 
developed across R49. This signal has the phase and 
frequency of the oscillator signal at the emitter of Q21. 
The amplitude is proportional to the differential input 
signal applied between ptns 5 and 6. Transistors Q26 
through Q29 and G38-G39 form chroma modulator B. 
This modulator develops a signal voltage which is propor- 
tional to the differentia! voltage applied between pins 
7 and 6. The phase and frequency of the output ts equal 
to the phase advanced chroma oscillator at the emitter 
of buffer transistor Q20. Both chroma modulators A and 
B share the same output resistor. R49, so the output 
signal presented at the emitter of Q42 (pin 8) is the 
algebraic sum of modulators A and B. 

The RF oscillator consists of differential amplifier 
Q18 and G19 cross-coupled through emitter followers 
016 and G17. The oscillator will operate at the parallel 
resonant frequency of the network connected between 
pins 13 and 14. The oscillator output is used to switch 
the doubly balanced RF modulator, Q9 through G15. 
Transistors Q7 and G9 provide level shifting and a high 
tnput impedance to the luminance input pin 9. The 
bases of transistors G9 and G10 are both biased through 
resistors R1? and R18, respectively, to the same dc 
reference voltage at 06 emitter. The base voltage at Q10 
may only be offset in a negative direction by luminance 
signal current source G8. This design insures that over- 
modulation due to the luminance signal will never occur. 
The chrominance signal developed at pin 8 is externally 
ac coupled to pin 10 where it is reduced by resistor 
dividers R20 and R1 7, and addad to the luminance 
signal in G9. The resultant differential composite video 
currents are switched at the appropriate RF frequency 
m G 1 2 through G 1 5. The output signal current is presented 
at pin 12. 

Transistors G36. G41 and resistors R44 ? R47 provide 
a highly stable voltage reference for biasing current sources 
Q43, 034,035. and Gil. 



MC1372 APPLICATION INFORMATION 

Chrominance Oscillator 

The oscillator is used as a clock signal for driving 
associated external circuitry, in addition to providing a 
switching signal for the chroma modulators. The IC uses 
an external crystal in a Colpitts configuration, as shown 
in Figure 5. Resistor R1 provides current limiting to 
reduce the signal swing. Capacitor C2 is adjusted for 
the exact frequency desired (3.579545 MHz). 

In some applications, the duty cycle of the clock signal 
at pin 1 must be modified to overcome gate delays in 



associated equipment. The duty cycle may be adjusted 
by varying the dc voltage applied to pin 3. This adjust- 
ment may be made with the use of 3 potentiometer 
(10 k£7( between supply and ground. With no connection 
to pin 3, the duty cycle is approximately 50%, 

Chroma Modulator 

The chrominance oscillator is internally phase shifted 
and applied to chroma modulators A and B. No external 
lead/lag networks are necessary. The phase relationship 
between the modulators is approximately 100°, which 
was chosen to provide the best rendition of colors using 
equal amplitude color-difference signals. The voltage 
applied to pin 5, 6, or 7 must always be wtthm the Input 
Common Mode Voltage Range. Since the amplitude of 
chrominance output is proportional to the voltage dif- 
ference between pins 5 and 6 or 7 and 6, it is desirable 
to select the Color Reference Voltage applied to pin 6 to 
be midway between V5 max and V5 mfn {which should 



be V7 n 



and V7 n 



. The Chroma B Modulator will be 



defined as a (B-YI modulator if a burst flag signal is 
applied to the Color B Input (pin 51 at the appropriate 
time. This voltage should be negative with respect to the 
Color Reference Voltage, and typically has an amplitude 
equal to 1/2{V6-V5 m! n]- Since the phase of burst is 
always defined as -(BY), the Chroma A Modulator 
aporoximates an fR-Y) modulator; however, the phase 
is offset by 10° from the nominal 90°, to provide the 
100° phase shift as discussed previously. 

RF Modulator and Oscillator 

The coil and capacitor connected between pins 13 and 
14 should be selected to have a parallel resonance at the 
earner frequency of the desired TV channel. The values 
of 56 pF and 0.1 fdH shown in Figure 5 were chosen 
for a Channel 4 carrier frequency of 67.25 MHz. For 
Channel 3 operation, the resonant frequency should 
be 61.25 MHz {C = 75 pF. L = 0.1 juH). Resistors R4 and 
R5 are chosen to provide an adequate amplitude of 
switching voltage, whereas R6 is used to lower the maxi- 
mum dc level of switching voltage below Vqq, thus 
preventing saturation within the IC. 

Composite Luminance and Sync should be dc coupled 
to Luminance Input, pin 9. This signal must be within 
the Luma Input Dynamic Range to insure linearity. 
Since an increase m dc voltage applied to pin 9 results 
in an increase in RF output, the input signal should 
have positive-going sync to generate an NTSC compatible 
signal. As long as the input signal is positive, over- 
modulation is prevented by the integrated circuit. 

Chrominance information should be ac coupled to 
Chrominance Input, pin 10. This pin is internally con- 
nected to a resistor divider consisting of a series 300 
ohms and a shunt 500 ohms resistor. The input impedance 
ts thus 800 ohms, and a coupling capacitor should be 
appropriately chosen. 
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FIGURE 5 - TYPICAL APPLICATION CIRCUIT 



w 




The Luminance to Chrominance ratio (L:Ci may be 
modified with the addition of an external resistor in series 
with pin 10 {as shown in Figure 5). The unmodified L:C 
(A I is determined by the ratio of the respective Conver- 
sion Gam for equal amplitude signals (typically, 0.883 - 
-1.6 dBI. The modified L:C will be governed by the 
equation A (1 + R ext /800) for equal amplitude input 
signais. 

The internal chrominance modulators are not inter- 
nally connected to the RF modulator; therefore, the user 
has the option of connecting an externally generated 
chrominance signal to the RF modulator. In addition, 
the RF modulator is wideband, and a 4.5 MHz FM audio 
signal may be added to the chrominance input at pin 10. 
This may be accomplished by selecting an appropriate series 
input resistor to provide the correct LuminanceiSound 
ratio. 

The modulated RF signal is presented as a current 
at RF Modulator Output, pm 12. Since this pin represents 
a current source, any load impedance may be selected for 
matching purposes and gain selection, as long as the vol- 



tage at pin 12 is high enough to prevent the output 
devices from reaching saturation {approximately 4.5 V 
with components in Figure 5). The peak current out of 
pin 12 is typically 2 mA. Hence, a ioad resistance of up 
to 250 ohms may be safely used with a 5 V supply. 

Composite Video Signal Generation 

The RF moduaitor may be easily used as a composite 
video generator by replacing the RF oscillator tank 
circuit with a diode as shown in Figure 3. This results in 
the output modulator being biased so the summation of 
luminance and chrominance appears unswitched at 
pin 12. The polarity of the output waveform is con- 
trolled by the direction of the diode. Inverted video: 
Anode to pin 14, cathode to pin 13. Non-inverted 
video: Anode to pin 13, cathode to pin 14. Note that the 
supply resistor must always be connected to the anode 
of the diode. 

The amplitude of signal may be increased by increasing 
the load resistor on pin 12 and returning it to a higher 
supply voltage. Any voltage up to the Absolute Maximum 
Rating may be used. 
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RECOMMENDED CHROMA-LUMA SIGNALS 



Applications with MC6S47 Video Display Generator 

The MC1372 mav be easiiv interfaced to the MC6847 
as shown m Figure 5. The dc levels generated and required 
bv the VDG are compatible with the MC1372, so that 
pins 1, 5. 6, 7, and 9 mav be directly coupled to the 
appropriate MC6847 pins. Both integrated circuits as 
well as any associated NMOS MPU may be driven from 
a common 5 Vdc supply. 



Recommended Chroma-Luma Signals 

A chroma modulation angle of 100° was chosen to 
facilitate a desirable selection of colors with a minimum 
number of input signal levels. The following table demon- 
strates applicable signal levels for a variety of colors. 





Pin *9 

Luminance 

Input 

(Vdcl 


Pin nl 

Color A 
(Vdci 


Pin =6 

Color Ref. 
(Vdcl 


Pin S5 

Color B 
(Vdcl 


Sync 


1.0 


1.5 


1.5 


1.5 


Blanking 


0.75 


1.5 


1.5 


1.5 


Burst 


0.75 


1.5 


1.5 


1.25 


Black 


0.70 


1.5 


1.5 


1.5 


Green 


0.50 


1.0 


1.5 


1.0 


Yellow 


0.3B 


1.5 


1.5 


1.0 


Blue 


0.62 


1.5 


1.5 


2.0 


Red 


0.62 


2.0 


1.5 


1.5 


Cyan 


0.50 


1.0 


1.5 


1.5 


Magenta 


0.50 


2.0 


1.5 


2.0 


Orange 


0.50 


2.0 


1.5 


1.0 


BuH 


0.38 


1.5 


1.5 


1.5 
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MOTOROLA 



Advance Info:rma.tioo 



2048 X 8-BIT UV ERASABLE PROM 

The MCM2716/27A16 is a 16,384-bit Erasable and Electrically 
Reprogrammable PROM designed for system debug usage and similar 
applications requiring nonvolatile memory that could be reprogram- 
med periodically. The transparent lid on the package allows the 
memory content to be erased with ultraviolet light. 

For ease of use. the device operates from a single power supply 
and has a static power-down mode. Pin-for-pm mask programmable 
ROMS are available for large volume production runs of systems 
initially using the MCM2716/27A16. 

« Single ±10% 5 V Power Supply 

© Automatic Power-down Mode {Standby} 

o Organized as 2048 Bytes of 8 Bits 

• Low Power Dissipation 

9 TTL Compatib'e During Read and Program 

• Maximum Access Time = 450 ns MCM2716 

350nsMCM27A16 
o Pin Equivalent to Intel's 2716 
a Pin Compatible to MCM68A316E Mask Programmable ROMs 



Made 


PIN NUMBER 


9-11. 
13-17 

DQ 


12 

vss 


18 

I/Progr 


20 

e 


21 
Vpp 


24 

VCC 


Read 


Data out 


vss 


V|L 


VlL 


vcc 


vcc 


Output Disable 


HiZ 


vss 


Don't Care 


V|H 


vcc 


vcc 


Standby 


HiZ 


vss 


V|H 


Don't Care 


v C c 


vcc 


Program 


Data tn 


vss 


Pulled 
VlL'o v lH 


VlH 


V IHP 


vcc 


Program Verify 


Data out 


vss 


VlL 


VlL 


V IHP 


vcc 


Program Inhibit 


HiZ 


vss 


V|L 


V|H 


VlHP 


vcc 



ABSOLUTE MAXIMUM RATINGS (1) 






Rating 


Value 


Unit 


Temperature Under Bias 


-10 to +eo 


°c 


Storage Temperature 


-66 to +125 


°c 


All input or Output Voltages wrth Respect to Vss during Read 


+ 6 to -0.3 


Vdc 


Vpp Supply Voits9> with Respect to Vss 


+28 to -0.3 


Vdc 


NOTE 1: Permanent device damage may occur H ABSOLUTE MAXIMUM RAT 
exceeded. Functional operation should be restricted to RECOMr. 
OPERATING CONDITIONS. Exposure to higher than recommendec 
for extended periods of time could affect device reliability. 


NGSare 
(ENDED 
voltages 



MCM2716 

MCM27A16 



MOS 



IN-CHANNEL. SILICON-GATE! 

2048 X 8-BIT 
UV ERASABLE PROM 




CERAMIC PACKAGE 
CASE 716-03 



PIN ASSIGNMENT 



• 

A7 


V CC 


A6 


AS 


AS 


A9 


Ad 


Vpp 


A3 


G 


A2 


AIO 


A1 


E/Progrt 


A0 


DQ7fc 


DQ0 


DQ6 


DQ1 


DQ5 


DQ2 


DQ4 


V SS 


DQ3 



=316 



•PIN NAMES 


A 


. Address 


DQ 


. . . Data Input/Output 


E/Progr 


. Chip Enable/Program 


G 


. . . Output Enable 



*N«w industry it*ndard nomanciature 



Tht» it advanca information »nd *p«ciftcationi arc tubjact to ch*r>ga without notice. 
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MCM2716, MCM27A16 



BLOCK DIAGRAM 



Data Input/Output 
DQ0-DQ7 



E/Progr C 



Control 
Logic 



imi!H 



Input/Output Button 



MO / 



O — ■• Decoder 



Memory 

Matrix 

(128x 128} 



DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Fulf operating voltage and temperature range unless otherwise noted) 



RECOMMENDED DC HEAD OPERATING CONDITIONS <T A - 0° to +70°CI 










Parameter 


Symbol 


Min 


Nom 


Max 


Unit 


Supply Voltage" MCM2716 

MCM27A16 


vcc 

Vpp 


4.75 

4.5 

Vcc-0.6 


5.0 
5.0 
5.0 


5.25 

5.5 

Vcc •* "- 6 


Vdc 


Input High Voltage 


V|H 


2.0 


- 


V C C + 1 o 


Vdc 


Input Low Voltage 


VlL 


-0.1 


- 


OS 


Vdc 



READ OPERATION DC CHARACTERISTICS 



Characteristic 


Condition 


Symbol 


Min 


Typ 


Max 


Unit 


Address, G and E/Progr 
Input Sink Currant 


V ln - 5.25 V 


'in 


- 


- 


10 


uA 


Output Leakage Current 


V out - 5.25 V,G« 5.0 V 


'LO 


- 


- 


10 


M A 


Vcc Supply Current" (Standby) 


E/Progr - V|h. G - V|i 


•CC1 


_ 


10 


25 


mA 


Vcc Supply Current - (Active! 


G» E/Progr = V| L 


ICC2 


- 


57 


100 


mA 


Vpp Supply Current" 


Vpp » 5.85 V 


IPPI 


- 


- 


5.0 


mA 


Output Low Voltage 


'OL "2- 1 mA 


vol 


- 


- 


0.45 


V 


Output High Voltage 


IQH " -400 uA 


VOH 


2.4 


- 


- 


V 



"V CC must be applied simultaneously or prior to Vpp. V cc must also be switched of! simultaneously with or after Vpp. With Vpp connected 
directly to V CC during the read operation, the supply current would be the lum of l PP1 end l cc . The tddjtionsl 0.6 V tolerance on Vpp 
makes it possible to use . driver circuit lor switching the Vpp supply pin from V cc ,n Read mode to t25 V for programming. Typical values 
are for T^ ■ 25°C and nominal supply voltages. 



CAPACITANCE 

" - 1.0 MHi. T A - 25"C, periodically sampled rathar than 100« tested.) 



Characteristic 


Symbol 


Typ 


Max 


Unit 


Input Capacitance (Vj n - VJ 


c,„ 


4.0 


6.0 


pP 


Output Capacitance fV out - VI 


C OUt 


8.0 


12 


pF 



Capacitance measured with a Boonton Meter or effective capacitance calculated from the 

„ ,A t 

equation: C * — -. 



This device conteins circuitry to protect the 
inputs against damage due to high static voltages 
or electric fields; however, it is advised that 

normal precautions be taken to avoid applica- 
tion of any voltage higher than maximum 
rated voltegat to this high-impedance circuit. 
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MCM2716, MCM27A16 



AC OPERATING CONDITIONS AND CHARACTERISTICS 

(T A • to +70°C, V C c - 6.0 V i 10% unless otherwise noted.) 



Input Puise Levels 


, . 0.8 Volt to 2.2 


Volts 
20 ns 


input and C 
Output Loe 


lutput Timing Levels . 




. . 2.0 Volts 
See Figure 1 












Characteristic 


Condition 


Symbol 


MCM27A1G 


MCM2716 


Units 


Mm 


Max 


Min 


Mai 


Address Valid to Output Valid 


E/Pro«r - G» V| L 


'AVQV 


- 


350 


- 


450 


ns 


E/Progr to Output Valid 


INote 2) 


'ELQV 


- 


350 


- 


450 


Output Enable to Output Valid 


E/Progr » V )L 


<GLQV 


- 


120 


- 


120 


E/Progr to Hi Z Output 




'EHQZ 





100 





100 


Output Disable to Hi Z Output 


E/Progr - V||_ 


"GHQZ 





100 





100 


Data Hold from Address 


E/Progr - G - V(!_ 


<AXDX 





- 





- 



FIGURE 1 - AC TEST LOAD 



READ IWODE TIMING DIAGRAMS 

(Chip Enable - V (L ! 







a 5.0 V 






: 


[n L -2.7k 


T 
















, MMD6150 


-loopF r 


h 


6V 




' o' Eou- 
- MMD7Q00 




■ 




■ 




, — i 




■ 


' or Equiv 












* Induct** J'B Caoactlsn 








STANDBY MODE 

(Output Enable - Vjl- 

Standby Mod* (Chip Saloct » Vj L 




NOTE 2: t£|_Qy "> nrlirancoti to E/ProB r or stable addrati, whichever occurs last. 
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MCM2716, MCM27A16 



DC PROGRAMMING CONDITIONS AND CHARACTERISTICS 

(T A -0to+70°C, V CC -50V • 10%! 



RECOMMENDED PROGRAMMING OPERATING CONDITIONS 



Paramotar | Symbol 


Min 


Nom 


Max 


Unit 


Supply Voltage 


vcc 

Vpp 


4. 75 
24 


5.0 
25 


5.25 
26 


Vdc 
Vdc 


Input High Voltage for Data 


V|H 


2.2 


- 


V CC + ' 


Vdc 


Input Low Voltage for Data 


V|L 


-0.1 


- 


OS 


Vdc 



'Vqq must be applied simuiataneously or prior to Vpp. Vqc mi JSl also be switched off simultaneously with or after Vpp. The dev 
be inserted into or removed from a board with Vpp at + 25 V. Vpp must not etfceed the +26 V maximum specifications. 



,ce must not 



PROGRAMMING OPERATION DC CHARACTERISTICS 












Charoctonrtic Condition 


Symbol 


Mm 


Typ 


Max 


Unit 


Address. G and E/Progr input V in = 5.25 V/0.45 
Sink Current 


'LI 


- 


- 


10 


pAdc 


Vpp Supply Current E/Progr " V 1L 


'PPI 


- 


- 


5.0 


mAdc 


Vpp Programming Pulse E/Progr = V|^ 
Supply Current 


IPP2 


- 


- 


30 


mAdc 


Vqc Supply Current 


tec 


- 


- 


100 


mAdc 



AC PROGRAMMING OPERATING CONDITIONS AND CHARACTERISTICS 



Characteristic 


Symbol 


Min 


Max 


Unit 


Address Setup Time 


<AVEH 


2.0 


- 


ps 


Output Enable High to Program Pulse 


1GHEH 


2.0 


- 


US 


Data Setup Time 


tOVEH 


2.0 


- 


ps 


Address Hold Time 


'ELAX 


2.0 


' - 


PS 


Output Enable Hold Time 


'ELGL 


2.0 


- 


PS 


Data Hold Time 


'ELQZ 


2.0 


- 


PS 


Output Disable to Hi 2 Output 


■GHQZ 





120 


ns 


Output Enable to Valid Data (E/Progr = Vj L l 


'GLQV 


- 


120 


ns 


Program Pulse Width 


'EHEL 


45 


55 


ms 


Program Pulse Rise Time 


tPR 


5 


- 


ns 


Program Pulse Fall Time 


<PF 


5 


- 


ns 



PROGRAMMING OPERATION TIMING DIAGRAM 




?6 2 



\®. 



Z80-CPU 
Z80A-CPU 




Product Specification 



MARCH 1978 



The Zilog Z80 product line is a complete set of micro- 
computer components, development systems and support 
software. The Z80 microcomputer component set includes 
all of the circuits necessary to build high-performance 
microcomputer systems with virtually no other logic and a 
minimum number of low cost standard memory elements. 

The Z80 and Z80A CPUs are third generation single chip 
microprocessors with unrivaled computational power. This 
increased computational power results in higher system 
through-put and more efficient memory utilization when 
compared to second generation microprocessors. In 
addition, the Z80 and Z80A CPU's are very easy to imple- 
ment into a system because of their single voltage require- 
ment plus all output signals are fully decoded and timed to 
control standard memory or peripheral circuits. The circuit 
is implemented using an N-channel, ion implanted, silicon 
gate MOS process. 

Figure 1 is a block diagram of the CPU, Figure 2 details 
the internal register configuration which contains 208 bits 
of Read/Write memory that are accessible to the program- 
mer. The registers include two sets of six general purpose 
registers that may be used individually as 8-bit registers or 
as 16-bit register pairs. There are also two sets of accumu- 
lator and flag registers. The programmer has access to either 
set of main or alternate registers through a group of ex- 
change instructions. This alternate set allows foreground/ 
background mode of operation or may be reserved for very 
fast Interrupt response. Each CPU also contains a 16-bit 
stack pointer which permits simple implementation of 



multiple level interrupts, unlimited subroutine nesting and 
simplification of many types of data handling. 

The two 1 6-bit index registers allow tabular data manipu- 
lation and easy implementation of relocatable code. The 
Refresh register provides for automatic, totally transparent 
refresh of external dynamic memories. The ! register is used 
in a powerful interrupt response mode to form the upper 8 
bits of a pointer to a interrupt service address table, while 
the interrupting device supplies the lower 8 bits of the 
pointer. An indirect call is then made to this service address. 



FEATURES 



Single chip, N-channel Silicon Gate CPU. 
158 instructions-includes all 78 of the 8080A instruc- 
tions with total software compatibility New instruc- 
tions include 4-, 8- and 1 6-bit operations with more 
useful addressing modes such as indexed, bit and relative. 
17 internal registers. 

Three modes of fast interrupt response plus a non- 
maskable interrupt. 

Directly interfaces standard speed static or dynamic 
memories with virtually no external logic. 
1 .0 [is instruction execution speed. 
Single 5 VDC supply and single-phase 5 volt Clock. 
Out-performs any other single chip microcomputer in 
4-, 8-, or 16-bit applications. 
All pins TTL Compatible 
Built-in dynamic RAM refresh circuitry. 



CPU AND 
SYSTEM 
COf.'TROt 
SIGNALS 



<^ 




-./CONTROL f 



-^ 




Z80, Z80A CPU BLOCK DIAGRAM 





MAIN 


REG SET 






ALTERNATE REG SET 




ACCUMUL 


ATOH 


! FLAGS 
F 


! 


ACCUMULATOR ! 

A 1 '• 


FLAGS 

f 


8 






C 




b' ; 


C" 


D 






£ 




D 


£' 


H L ■ M ■ f 



GENERAL 

PURPOSE 
REGISTERS 



NDEX REGISTER 



INDEX REGISTER 



SIACK POINTER 



PROGRAM COUNTER 



SPECIAL 
PURPOSE 
REGISTERS 



Z80, Z80A CPU REGISTERS 
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Z80, Z80A-CPU Pin Description 



CONTROL "\ tfif 



ZBOCPU 

zaoA-cpu 



Z80, Z80A CPU PIN CONFIGURATION 



A 0" A 15 
(Address Bus) 



D -D 7 
(Data Bus) 



Tri-state output, active high. Arj-Aj5 
constitute a 16-bit address bus. The 
address bus provides the address for 
memory (up to 64K bytes) data 
exchanges and for I/O device data exchanges. 

Tri-state input/output, active high. 
Dq - D7 constitute an 8-bit bidirectional 
data bus. The data bus is used for data 
exchanges with memory and I/O devices. 



RFSH 
(Refresh) 



HALT 
(Halt state) 



WAIT 
(Wait) 



INT 

(Interrupt 

Request) 



Output, active low. RFSH indicates that 
the lower 7 bits of the address bus con- 
tain a refresh address for dynamic 
memories and the current MREQ signal 
should be used to do a refresh read to all 
dynamic memories. 



Output, active iow. HALT indicates. that 
the CPU has executed a HALT software 
instruction and is awaiting either a non- 
maskable or a maskable interrupt (with 
the mask enabled) before operation can 

resume. While halted, the CPU executes 
NOP's to maintain memory refresh 
activity. 



Input, active low. WAIT indicates to the 
Z-80 CPU that the addressed memory or 
I/O devices are not ready for a data 
transfer. The CPU continues to enter wait 
states for as long as this signal is active. 

Input, active low. The Interrupt Request 
signal is generated by I/O devices. A 
request will be honored at the end of the 
current instruction if the internal soft- 
ware controlled interrupt enable flip-flop 
(IFF) is enabled. 



Mj 

(Machine 
Cycle one) 



MREQ 

(Memory 
Request) 



IORQ 

(Input/ 
Output 
Request) 



RD 

(Memory 
Read) 



WR 

(Memory 

Write) 



Output, active low. M[ indicates that the 
current machine cycle is the OP code 
fetch cycle of an instruction execution. 



Tri-state output, active low. The memory 
request signal indicates that the address 
bus holds a valid address for a memory 
read or memory write operation. 



Tri-state output, active low. The IORQ 
signal indicates that the lower half of the 
address bus holds a valid I/O addr ess for 
a I/O read or write operation. An IORQ 
signal is also generated when an interrupt 
is being acknowledged to indicate that an 
interrupt response vector can be placed 
on the data bus. 



Tri-state output, active low. RD indicates 
that the CPU wants to read data from 
memory or an I/O device. The addressed 
I/O device or memory should use this 
signal to gate data onto the CPU data bus. 



Tri-state output, active low. WR indicates 
that the CPU data bus holds valid data to 
be stored in the addressed memory or I/O 
device. 



NMI 
(Non 
Maskable 
Interrupt) 



RESET 



BUSRQ 

(Bus 

Request) 



BUSAK 

(Bus 

Acknowledge) 
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Input, active low. The non-maskable 
nter rupt request line has a higher priority 
than INT and is always recognized at the 
end of the current instruction, indepen- 
dent of t he sta tus of the interrupt enable 
flip-flop. NMI automatically forces the 
Z-80 CPU to restart to location 0066^. 



Input, active low. RESET initializes the 
CPU as follows: reset interrupt enable 
flip-flop, clear PC and registers I and R 
and set interrupt to 8O8OA mode. During 
reset time, the address and data bus go to 
a high impedance state and all control 
output signals go to the inactive state. 

Input, active low. Th e bus request signal has 
a higher priority than NMI and is always rec 
ognized at the end of the current machine 
cycle and is used to request the CPU address 
bus, data bus and tri-state output control 
signals to go to a high impedance state so 
that other devices can control these busses. 

Output, active low. Bus acknowledge is 
used to indicate to the requesting device 
that the CPU address bus, data bus and 
tri-state control bus signals have been set 
to their high impedance state and the 

external device can now control these signal 



Timing Waveforms 



INSTRUCTION OP CODE FETCH 



The program counter content (PC) is placed on the 
address bus im mediately at the start of the cycle. One half 
clock t ime later MREQ goes active. The falling edge of 
MREQ can be used directly as a chip enable to dynamic 
■memories. RD when active indicates that the memory 
data should be enabled onto the CPU data bus. The CPU 
samples data with the rising edge of the clock state T^. 
Clock states T3 and T 4 of a fetch cycle are used to refresh 
dynamic memories while the CPU is internally decoding 
and ex ecuting the instruction. The refresh control signal 
RFSH indicates that a refresh read of all dynamic memories 
should be accomplished. 




MEMORY READ OR WRITE CYCLES 



Illustrated here is the timing of memory read or write 
cycles_other than an OP code fetch (Mi cycle). The MREQ 
and RD signals are used exactly as in t he fetc h cycle. In 
the case of a memory write cycle, the MREQ also becom :s 
active when the address bus is stable so that it can be used 
directly as a chip enable for dynamic memories. The WR 
line is active when data on the data bus is stable so that it 
can be used directly as a R/W pulse to virtually any type of 
semiconductor memory. 




INPUT OR OUTPUT CYCLES 



Illustrated here is the timing for an I/O read or I/O write 
operation. Notice that during I/O operations a single wait 
state is automatically inserted (Tw*). The reason for this is 
that during I/O operations this extra state allows sufficient 
time f or an I/O port to decode its address and activate the 
WAIT line if a wait is required. 
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INTERRUPT REQUEST/ACKNOWLEDGE CYCLE 



The interrupt signal is sampled by the CPU with the 
rising edge of the last clock at the end of any instruction. 
When an interrupt is accepted, a special Mj cycle is 
generated. Durin g this M j cycle, the 10RQ signal becomes 
active (instead of MREQ) to indicate that the interrupting 
device can place an 8-bit vector on the data bus. Two wait 
states (Tw*) are automatically added to this cycle so that a 
ripple priority interrupt scheme, such as the one used in the 
Z80 peripheral controllers, can be easily implemented. 
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Z80, Z80A Instruction Set 



The following is a summary of the Z80, Z80A instruction 
set showing the assembly language mnemonic and the sym- 
bolic operation performed by the instruction. A more de- 
tailed listing appears in the Z80-CPU technical manual, and 
assembly language programming manual. The instructions 
are divided into the following categories: 

8-bit loads 

16-bit loads 

Exchanges 

Memory Block Moves 

Memory Block Searches 

8-bit arithmetic and logic 

16-bit arithmetic 

General purpose Accumulator 
& Flag Operations 

In the table the following terminology is used. 

b = a bit number in any 8-bit register or memory 

location 
cc = flag condition code 

NZ = non zero 

Z = zero 

NC = non carry 

C s carry 

PO = Parity odd or no over flow 

PE = Parity even or over flow 

P = Positive 

M = Negative (minus) 



Miscellaneous Group 


n 


Rotates and Shifts 


nn 


Bit Set. Reset and Test 


r 


Input and Output 




Jumps 


s 


Calls 


% 


Restarts 


ss 


Returns 


sue 





Mnemonic 


Symbolic Operation 


Comments 




LDr.s 


r *- s 


s^ r. n.(HL). 
(IX+e).(IY+e) 


■s> 


LDd.r 


d<-r 


ds(HLi.r 


z 






(lX+ei.(IY+e) 


- 


LD d. n 


d-n 


ds(HLi. 


x 






(IX+e). (lY+ej 


X 


LD A,s 


A<-s 


s = (BC).(DE). 
(nn). I. R 




LDd. A 


d-A 


ds(BC).(DE). 
(nn). I.R 




LDdd.nn 


dd *- nn 


dd = BC,DE. 
HL.SP.IX. IY 




LD dd.fnni 


dd *~ (nn) 


ddsBC. DE. 


SI 






HL.SP.IX. IY 


^ 


LD (nn). ss 


(nn) ^ss 


ss=BC.DE. 


— 






HL.SP.IX. IY 


j= 


LDSP.ss 


SP-ss 


ss = HL. IX. IY 




PUSH ss 


(SP-l)-ss H .(SP-2»-ss L 


ss=BC.DE. 
HL. AF. IX. IY 




POPdd 


dd L -(SP):dd H -(SP+D 


dd = BC. DE, 








HL. AF. IX. IY 




EX DE.HL 


DE-HL 




V) 


EX AF. AF' 


AF - AF' 






EXX 


/BC\ /BC'\ 




3 




DEJ-[DE- 




ft. 




\HL/ \HL'/ 






EX(SP),ss 


(SP)--ss L .(SP+l)-ss H 


ss^HL. IX.IY 



d = any 8-bit destination register or memory location 
dd = any 16-bit destination register or memory location 
e = 8-bit signed 2's complement displacement used in 

relative jumps and indexed addressing 
L =8 special call locations in page zero. In decimal 

notation these are 0. 8. i 6. 24. 32. 40. 48 and 56 
= any 8-bit binary number 
= any 16-bit binary number 
= any 8-bit general purpose register (A. B.C. D, E, 

H, or L) 
= any 8-bit source register or memory location 
= a bit in a specitic 8-bit register or memory location 
= any 16-bit source register or memory location 
subscript "L" = the low order 8 bits of a 16-bit register 
subscript "H" = the high order 8 bits of a 16-bit register 

( ) = the contents within the ( i are to be used as a 

pointer to a memory location or I/O port number 
8-bit registers are A. B. C. D. E. H. L, I and R 
lo-bit register pairs are AF. BC. DE and HL 
16-bit registers are SP. PC. IX and JY 

Addressing Modes implemented include combinations o( 



the following: 



Immediate 
Immediate extended 
Modified Page Zero 
Relative 
Extended 



Indexed 
Register 
Implied 

Register Indirect 
Bit 



Mnemonic 



LDI 
LDIR 

LDD 
LDDR 



CPI 
CPIR 

CPD 
CPDR 



Symbolic Operation 



(DEi-(HL).DE-DE+l 
HL-HL+I.BC-BC-I 
(DE)^(HL).DE-DE+1 
HL*-HL+I.BC^BC-1 
Repeat until BC = 

(DEi~-(HL). DE-DE-1 
HL-HL-I.BC<-BC-1 
(DEi-(HL).DE -DE-1 
HL«-HL-I.BC-BC-I 
Repeat until BC = 



Comments 



ADDs 

ADCs 

SL'Bs 

SBCs 

ANDs 

ORs 

XORs 



A-(HL). HL 
BC -BC-I 



HL+1 



A-(HL). HL-HL+1 
BC -BC-I, Repeat 
until BC=0or A=(HL) 

A-(HL). HL -HL-i 
BC - BC-I 

A-(HL). HL -HL-I 
BC - BC-I, Repeat 
until BC=0or A = (HL) 



A - A + s 

A '*- A + s t CY 

A «- A - s 

A - A - s - CY 

A <- A A s 
A - A v s 

A <- A -s s 



A-(HL)sets 
the flags only, 
A is not affected 



CY is the 
carry flag 

s= r, n.fHLi 

(IX+e].(IY+e) 
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Mnemonic 


Symbolic Operation 


Comments 


CPs 


A-s 


s = r, n (HL) 


INCd 


d -d+ 1 


(IX+e).(IY+e) 
d = r, (HL) 


DECd 


d-d- 1 


(IX+e),(lY+e) 


ADDHL.ss 


HL - HL + ss 


^ 


ADCHL.ss 
SBC HL. ss 


HL-HL + ss+CY 
HL - HL - ss - CY 


I ss^BC.DE 
[ HL.SP 


ADDlX.ss 


LX-iX + ss 


sshBC.DE, 
IX, SP 


ADD n , s.s 


IY-IV +ss 


ssseBC.DE. 
IY.SP 


INCdd 


dd -dd+ 1 


dd 5EBC.DE. 
HL.SP. IX. IY 


DECdd 


dd -dd- 1 


dds5BC.DE. 
HL.SP, IX. IY 


DA A 


Converts A contents into 


Operands must 




packed BCD following add 


be in packed 




or subtract. 


BCD tormat 


CPL 


A- A~ 




NEC 


A - 00 - A 




CCF 


CY-cT 




SCF 


CY- 1 




NOP 


No operation 




HALT 


Halt CPU 




Dl 


Disable Interrupts 




EI 


Enable Interrupts 




IM 


Set interrupt mode 


8080A mode 


I.M 1 


Set interrupt mode 1 


Call to 0038 H 


im : 


Set interrupt mode 2 


Indirect Call 


RLCs 
RLs 
RRCs 
RRs 

SLAs 


I 1 


sHr.(HL) 


s 


1 1 


l_|<y|^_|-.*_„|»J 

s 


I I 


s 


1 1 




|(y|«» — | 7 ■«— t-\m-i> 


SRAs 
SRLs 
RLD 

RRD 


s 


(IX+ei.(IY+e) 


dFF 3 -* 3 


ti-sJ ? ». {it pJ( >, 1 

S 

1 * 


|- 4|, „| |7 4|3 7|,HL, 


A t ILJ 


1 * 1 * 


J7 4J;. o| J7 4J_1 <>|<Ml * 


A 4 1 





Mnemonic 


Symbolic Operation 


Comments 


°a 


BlTb,s 


Z -\ 


Z is zero flag 


CC 


SETb,s 


s b^ 


S 5E 


r,(HLl 


H 


RESb.s 


s b -0 


(IX+e),(lY+e) 




IN A, (n) 


A<-(n) 








INr,(C) 


r-(C) 


Se 


t flags 




INI 


(HL)«-(C).HL«-HL + 1 
B-B-l 








INIR 


(HL)-(C),HL-HL + I 

B-B-l 

Repeat until B =0 








IND 


(HL)-(C),HL-HL- 1 






p 


INDR 


B-B- 1 
(HLi-(C).HL-HL- 1 










B-B-l 






a 

7 




Repeat until B =0 








OUT(n). A 


(nl- A 






Zj 


OUT(C). r 


(C)-r 






£ 


OUTI 
OTIR 

OUTD 
OTDR 


(Ci-(HL). HL-HL + 1 
B-B-l 

(C)-(HL|.HL-HL + 1 

B-B-l 

Repeat until B =0 

(Ci-(HL). HL-HL- 1 
B-B- 1 

(O-(HL). HL-HL- 1 

B-B-l 

Repeat until B = 








JPnn 


PC - nn 




C'nz po 




JP cc. nn 


If condition cc is true 




1 Z PE 






PC — nn. else continue 


cc 


\ NC P 




JRe 


PC - PC + e 




l^C M 


5 


JR kk,e 


If condition kk is true 
PC +-PC + e, else continue 


kk 


/NZ NC 

\z c 




JP (ss) 


PC-ss 


SS = 


= HL, IX.1Y 




DJNZ e 


B-B-I.ifB=0 
continue, else PC — PC + e 






*-• 


CALL nn 
CALL cc.nn 


{SP-h-PC H 
(SP-2i-PC L , PC-nn 
If condition cc is false 


cc 


I'nz po 

J Z PE 
S NC P 


U* 




continue, else same as 




^C M 






CALL nn 




cc 
< 
i- 

1/5 


RSTL 


(sp-m<-pc h 








(SP-2)-PC L ,PC H -0 
PC L -L 








RET 


PC L - (SP), 
PC H - (SP+ 1 ) 








RETcc 


If condition cc is false 




f\z po 


z 

X 
-J 

2 




continue, else same as RET 




J Z PL 


RETI 


Return from interrupt, 
same as RET 


cc 


S NC P 
j^C M 




RETN 


Return from non- 
maskable interrupt 
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A.C. Characteristics 



Z80-CPU 



T A = 0°C lo 70°C. Vcc = +5V ± 57c, Unless Otherwise Noted. 



Signal 


Symbol 


Parameter 


Min 


Max 


Unit 


Test Condition 


•1" 


l w l'l'lll 
l* I'M-' 


Clock Period 

Clock Pulse Width. Clock High 

ci.^k piii,,. wuim clock i..iw 

Clock Rue and Fall Time 


4 


n:i 


H-CC 




1.10 


|t| 


usee 


iso 


:ooo 


usee 




to 


nsec 


A 0-I5 


'DlADI 
'Fl.AOl 

'aent 
'aei 

'sal 


Address Oiilpul Delas 

Delas I.. Fl.ui 

Addtcss Stable Pilot In MRI'O IMcmots dele l 

Address Slahlc Pn..r o.iORQ. RD or WR 1 1 OCselei 




MS 


nsec 


C L = 50pF 




1 10 


usee 


II! 




nsec 


1:1 




nsec 


Address Stable n.mi Rt>, WR, IORCJ or MR.EQ 

Address Stable Fi.nn RD oi WR [)u,me Float 


I.M 




usee 


141 




usee 


°0-7 


'DlDl 

'FIBI 

'S+lDl 

'S-flDl 

'Jem 

'del 

'cdt 


Dalj Oulpul IX'las 

IX'las lo Float Dunne Write t's Je 

Data Setup Tune hi Rising I dge ol Clock Dunne Ml Cycle 

Data Seltip Tune tu Fallmsj tdge tit Clock Dunng M3 lo M5 

Data Stable Prior lo WRIMemorv Cycle! 

Data Stable Prior to WR |l OCselei 

Data Stable From WR 




230 


rlse^ 


C L = 50pF 




■irt 


nsec 


-0 




usee 


nlj 




nse.. 


hi 




usee 


161 




nsec 


n 








•H 


Ans Hold Time lor Setup Time 


u 




usee 




MREO 


'DL«(MR> 

"DH'tMMRl 

•DH*lMRl 

'wiMRLl 

'w(MRH) 


MREO Delay From Falling Edge of Cloek. MREO Lo* 
MRF.Q Delay From Rising Edge ol Cluck. MREO High 
MREQ Delav From Falling Edge ul Clock. MRE' ) High 
Pulse Width. MREO Low 
Pulse Width. MREO High 




1 00 


usee 


C L - MipF 




100 


usee 




100 


nsec 


181 




nsec 


I'll 




usee 


JORO 


'DL4MIR) 
>DL*(IR) 
'DH-tllR) 
'DHOOR) 


IORQ Delay Frum Rising Edge of Clock. IORQ Low 
IORQ Delay From Falling Edge ol Clock. IORQ Low 
IORQ Delav From Rising Edge of Clock. IORQ High 
IORQ Delay From Falling Edge of Clock. IORQ High 




oo 


nsec 


C, = ffipF 




110 


nsec 




100 


nsec 




110 


nsec 


RO 


■DL-HRD) 
'DL*IRDl 
1DH4MRDI 
'DH*(RD> 


RD Delay From Rising Edge of Clock. RD Low 
RD Delav From Falling Edge of Clock. RD Low 
RD Delay From Rising Edge of Clock, RD High 
RD Delay From Falling Edge ol Clock. RD High 




100 


nsec 


C L ' S0 " F 




130 


nsec 




100 


nsec 




110 


nsec 


WR 


'DL*(WR1 
'DL*(WR) 

'«(»HLl 


WR Delay From Rising Edge of Clock, WR Law 
WR Delay From Falling Edge of Clock. WR Low 
WR Delay From Falling Edge of Clock. WR High 
Pulse Width. WR Low 




so 


nsec 


C L =■ 50pF 




00 


nsec 




100 


nsec 


1101 




nsec 


Ml 


'DL(MI) 
'DHlMD 


Ml Delay From Rising Edge of Clock. MT Low 
Ml Delay From Rising Edge of Clock. Ml High 




130 


nsec 


C L = 50pF 




130 


nsec 


RFSH 


'DLtRFi 
'DH(RF) 


RFSH Delay From Rising Edge of Clock. RFSH Low 
RFSH Delay From Rising Edge .il Clock, RFSH High 




180 


nsec 


C L = 50pF 




150 


nsec 


WATT 


■slWT) 


WAIT Setup Time lo Falling Edge of Clock 


70 




nsec 




haTt 


'D(HT) 


HALT Delay Time From Falling Edge of Clock 




300 


nsec 


C L = 50pF 


INT 


's(IT) 


INT Setup Time to Rising Edge of Cluck 


SO 




nsec 




SMI 


'w(NML) 


Pulse Width. NMI Low 


so 




nsec 




8USRQ 


•slBO) 


Bl'SRO Setup Time to Rising Edge of Cluck 


so 




nsec 




BUSAK 


'DLIBAI 
'DHlBAI 


BUSAK Delay From Rising Edge ol Clock. BL'SAK Low 
BUbAH Delay l-rom Falling Edge of Clock, BL'SAK High 




i:o 


nsec 


C L = 50pF 




no 


nsec 


RFSET 


'si RSI 


RESET Setup Time tu Rising Edge of Clock 


00 




nsec 






'FlCi 


Delav to Flual tMREQ. IORQ. RD and WR) 




100 


nsec 






l mr 


Ml Stable Prior lo IORQI Interrupt Ack.i 


mi 




nsec 





! ' l .tem " 'sstpH) *" ' 
J l , aei = l c- XU 

tJ = 'wl'UL.I * ',' ' 



"dem 



= t^ - 210 



! dct = ! w(t>Lj + t r- 210 



t,-Hf=t 



dr l w('S>U l r 



■iMRHI " VfMII 



+ I -80 



! °l 'sv(WRLi = t c- 40 



I'M 



'vvCPHI 'f" 



VOTES 

A Dala should he enabled on, e CPljlalj hus when RD rs active During interrupt acknowledge data 

should he enabled when Ml and IORQ are both active. " mrj 

B. All control signals are inlcinallv svnclmmieed. „. they mav he totallv asynchronous with respee, "° 

[.. th e clock . p 

C The RESET signal must be acitve lor a minimum of } clock cycles. 

D Output Delay vs. Loaded Capacitance 
TA = "O'C Vcc = tsV-5'; 

aZa?c C o d n2it e3Ch 50pf inCfeaSe m '° ad Up t0 a maximum of 20 °P f for the ^ f US & ! OOpf for 

h Although static by design, testing guarantees l^,,,^ ,,1 300 usee maximum 




miiT » r 

e, i 



Load cireutc for Outpul 
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A.C. Timing Diagram 



Timing measurements are made at the following 

voltages, unless otherwise specified: "i" "0" 

CLOCK V ct -6V .45V 

OUTPUT :.0V ,8 V 

INPUT 2.0 V ,8 V 

FLOAT 4 V 10.5 V 




RESET 
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Absolute Maximum Ratings 



Temperature Under Bias 
Storage Temperature 
Voltage On Any Pin 

with Respect to Ground 
Power Dissipation 



Specified unerjtuij! rjnjic 
-t)5°C to+(50 c C 
-0.3V to +7V 

1.5W 



•Comment 

Stresses above those listed under "Absolute 
Maxjmum Rating" may cause permanent 
damage to the device This is a stress rating 
only and functional operation of the device 
at these or any other condition above those 
indicated in the operational sections of this 
specification is not implied. Exposure to 
absolute maximum rating conditions for 
extended periods ma\ affect device reliability. 



i 7.H0-CPI jl! M' ami IX cliar^ .cmncw. 
ru- Itir ihc niilitarv grade p^rls excepi l tL 



Z80-CPU D.C. Characteristics 



T A = O'C 


to 70 C C V.. = ^V:^. unless olherssise speel 


led 










Symbol 


Parameter 


Min. 


Typ. 


Max. 


Unit 


Test Condition 


V ILC 


Clock hipu! Low Voltage 


-0 .< 




0.45 


V 




V IHC 


Clock Inpul High Voltage 


V a . -.6 




V +.3 
cc 


V 




V IL 


Input Lov. Voltage 


-0.5 




8 


\' 




V IH 


Inpul High Voltage 


:u 




V 


V 




V 0L 


Output Lou Voltage 






0.4 


V 


U,= 1.8mA 


V 0H 


Output High Voilage 


:a 






V 


i 01| = -:5om 


l a . 


P.mei SuppK 1 m rc-iii 






150 


mA 




>U 


[npui Leakage Cuircnt 






10 


(i.A 


v 1N =o.,v Ct . 


'loh 


TuS:a!t Oulpui leakage Cuneni m Float 






10 


WA 


V 0lT- 4 "' V .c 


'l 0! 


TriSlate Oulpui [ eakage Cutiem in Final 






-10 


(i.A 


V OUT -0 4V 


'u> 


Data Bus Leakage (iiirenl in Input Mode 






ilO 


M 


o<v |N <v cc 



Capacitance 

T A = 25°C, f = 1 MHz. 
unmeasured pins returned to ground 



Symbol 


Parameter 


Max 


Unit 


C * 


Cluck Capjuljuce 


"^s 


p^ 


C lN 


Inpul ( jpacilancf 


> 


PF 


c OL1 


Oulpui C'apjciUtK'i.' 


10 


pF 



Z80-CPU 

Ordering Information 

C ~ Ceramic 

!' - Plastic 

S - Standard 5V r5<7, o c to 7u'C 

r - txtended 5V -.S 1 ? -40" to BS'C 

M - Military 5V - 1 07r -5 5 c to 1 J5 = C 



Z80A-CPU D.C. Characteristics 

1 . = IM l.- 7 irc \ = ; \ - < unless oiIicivmsc spcuiicd 



Svmbol 


Parameter 


Min 


Tvp 


Max 


Unit 


Test Condition 


Su 


( I,..k Inpul t..,» V ..liaiie 


-CI : 




45 


V 




V IIH 


Uo.k Input High Vohjgc 


V cc -.6 




v„,+ 1 

CC ' 


V 




"n 


Input 1 ou Voltage 


-tt - 




II !■ 


V 




v ni 


lupin High v olucc 


: ii 




V 


V 




v o, 


Output 1 e, Voltage 






4 


V 


'()L~ ' ^ ,n A 


N>n 


Output High V oluce 


.' 4 






V 


'oil - - :MI - A 


Vi 


P. me' Supph ( uiienl 




10 


:oo 


m.A 




'll 


input 1 eakjge ( uiienl 






IU 


MA 


V |N =, ""\. 


'l (III 


To Stale Output I eakage (tuiem in Float 






in 


t>\ 


v oir :4 '"\. 


'l Ol 


1 n Stale Output 1 eakage I unenl in Hoa! 






-in 


P * 


V 0lT =0 4X 


'id 


Data Bus leakage ( lutein in Input Mode 






• id 


nl 


u<v is--' v \. 



Capacitance 

T A = 25°('.l = I MH? 

unmeasured pins returned in ground 



Svmbol 


Parameter 


Max 


Unit 


'•i. 


'- 1"-' < ara-n 


35 


pt 


( |N 


Inn..: ( .ip.,.'t f W 


" 


Pi 


( ()l 1 


Output t ap.ul!.in.e 


IU 


I'i 



Z80A-CPU 
Ordering Information 



C - C'eiamie 

P Plastic 

S - Standard W i57. (V lo70'C 
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A.C. Characteristics 



Z80A-CPU 



t a = o°c 



u> 70 C. Vcc = +5V ± 5'<> . Unless Otherwise Noted. 



Signs) 


Symbol 


Parameter 


Min 


Max 


Unit 


Test Condition 


* 


i w i*HI 
'u l*Ll 

'■ i 


Clock Period 

Clock Pulse Width. Clock High 
Clock Pulse Width. Clock Low 
Clock Rise and Fall Time 


.25 


n:i 


usee 




110 


Ml 


nsec 


110 


:ooo 


nsec 




."■0 


nsci 


Vi< 


'IKADl 
'FlADl 

<acm 

'.rat 


Address Output Delac 

Delac io Filial 

Address Slable Pnra to MRFO (Memor\ Ct cle 1 

Address Stable Prior to 10RQ. RD or WR (I'Oficle! 

Address Stable irom RD. WR. 1OR0 or MREO 

Address Slable From RD or WR DunnE Floal 




no 


nsc L 


C L = 50pF 




90 


nsec 


111 




nsec 


1:1 




nse t 


I.M 




nsec 


Ml 




nsec 


^0-7 


'D(D) 

'F(Dl 

>S*(D| 

'S*(DI 

'dcrn 

'dci 

'cdl 


Dala Ompui Dela\ 

Deb> to Float During Write Cs cle 

Dala Setup Time to Rising Edge oi ( lock Dunne Ml ( \ lIc 

Dala Setup Time io Falling i dee ui CUnk During M: io M< 

Data Stable Ptior to WR (Memon C\del 

Data Stable Piior to WR ( I C\ciel 

Data Slable From WR 




150 


nsc* 


C L = 50pl 




90 


nsec 


35 




nsec 


50 




nse. 


|5| 




HSCe 


I6l 




nsec 


|7| 








'H 


Am Hoid 7'rmc lot Setup Time 







nsec 




mrTo 


'DL* (MRP 

'DH*(MRl 

l DH*fMRl 

'wc'MRLi 

'wfMRHl 


MREO Deias From Falling tdpe OI Clock. MREO Low 

MREO Delas From Rising Edge of Clock. MREO High 
MREO Delav Fiom Falling Edge of Clock, MREO High 
Pulse Width. MREO Low 
Pulse Width. MREO High 




85 


nset 


C L = 50 P I 




85 


nsec 




85 


nsec 


181 




nsc 


191 




nsec 


IOR0 


'DL* (IRl 
'DL* (IRl 

'DH*(IR| 
'DH*(1R'I 


IORQ Delac From Rising Edge of Clock. IORQ Low 
IORQ Delav From Falling Edge ol Clock. IORQ Low 
IORQ Delay Fiorr. Rising Edge of Clock, IORQ High 
IORQ Delas From Falling Edge of Clock. I0R0 High 




?s 


nsec 


C L = 50pF 




85 


nsec 




85 


nsec 




85 


nsec 


RD 


<DL*!RDl 
'DL*(RDI 
'DH*(RD1 
'DH*(RD| 


RD Delav From Rising Edge ol Clock, RD Low 
RD Delav From Falling Edge of ClocK. RD Low 
RD Delay Fiom Rising Edge of Clock. RD High 
RD Delay From Falling Edge of Clock. RD High 




85 


nsec 


f L ~- 50pF 




95 


nsec 




85 


nsec 




85 


nsec 


WR 


<DL*(WR| 
"DL*(WR) 
'DH*(WR) 
•w (WRLI 


WR Delav From Rising Edge of Clock. WR Low 
WR Delav From Falling Edge of Clock. WR Low 
WR Delay From Falling Edge uf Clock. WR High 
Pulse Width. WR Low 




65 


nsec 


C L = 50pF 




80 


nsec 




80 


nsec 


1101 




nsec 


Ml 


'DL(MI) 
■DHlTHI) 


Ml Delav From Rising Edge of Clock. M? Low 
Ml Delay From Rising Edge of Clock. Ml High 




too 


nsec 


C L -50pF 




100 


nsec 


RFSH 


'DURFi 
'DH(RF) 


RFSH Delav From Rising Edge of Clock. RFSH Low 
RFSH Delav From Rising Edge ol Clock. RFSH High 




130 


nsec 


C L =50pF 




120 


nsec 


WAIT 


's(WTl 


WAIT Setup Time Io Falling Edge of Clock 


70 




nsec 




HALT 


'D(HT) 


HALT Delav Time From Falling Edge of Clock 




300 


nsec 


C L = 50pF 


INT 


's(ITl 


INT Selup Time to Rising Edge oi Clock 


80 




nsec 




nmT 


'w(NML) 


Pulse Width. NMl Low 


80 




nsec 




BUSRQ 


's(BQ) 




50 




nsec 




BUSRO Setup Time Io Rising Edge of Clock 




'DUBAI 
'DH(BAI 






100 


nse^ 


C L ' 50pF 


BUSAK Delay From Rising Edge of Clock. BUSAK Low 
BUSAK Delay From Falling Edge of Clock. BUSAK High 


BUSAK 




100 


nsec 




's(RS) 


RESET Setup Time to Rising Edge of Clock 


60 




nsec 




RESET 




'F(Ci 


Dela\ to Float (MREO. IORQ. RD and WRl 




80 


nsec 






'mi 


M 1 Slable Prior to IORQ (Interrupt Ack.l 


mi 




nsec 





c" 'w(*H) T 'w(*Li l r 'f 



Ml l acm = l wt*Hl'"f- t ' 5 

1 = 1 'aci^-'c- 70 

l-'l ! ca = t w(*L) + , t- 50 

HI 'caf =1 w(*L,- M ,- 45 

I'l 'dcrn^'c- 170 

I*' 'dcr'wCJ-U^r- 170 

171 'cdrV-tu + 'r- 70 



110 ' l w(WRLi = l c- 30 



I'M 'im'VWrlV'r 65 



TEST POINT 



A. Data should be enabled omo the CPU dala bus when RD is active. During interrupt acknowledge data 
should be enabled whenMl and 1OR0 are both active. 

B. Ail eomroi signals are internally synchronized, so they may be totally asynchronous with respect 
io t he clock. 

C. The RESET signal must be active for a minimum of 3 clock eveies. 

D. Output Delay vb Loaded Capacitance 

TA = 70 t, C Vcc = +5V;5^ 

Add lOnsec delay for each 50pf increase in load up to maximum of 200pf for data bus and lOOpf for 
address & control lines. 

E. Although static by design, testing guarantees t^tj,^) of 200 Msec maximum 



it 



Load circuit for Output 
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"WEAR TYPES TL080 THRU TLOBS. TL080A THRU TL084A, 

SiTEgRATEB TL081B, TL0S2B, TL084B 

CIRCUITS JFET-INPUT OPERATIONAL AMPLIFIERS 

BULLETIN NO. DL-S 124 84. FEBRUARY 1977-RE VISED OCTOBER 1979 

24 DEVICES COVER COMMERCIAL, INDUSTRIAL, AND MILITARY TEMPERATURE RANGES 

• Low Power Consumption ® High Input Impedance . , . JFET-lnput 

• Wide Common-Mode and Differential Stage 

Voltage Ranges a Internal Frequency Compensation (Except 

• Low Input Bias and Offset Currents TL080, TL080A) 

• Output Short-Circuit Protection * Latch-Up-Free Operation 

• High Slew Rate ... 13 V/ps Typ 



description 



The TL081 JFET-mput operational amplifier family is designed to offer a wider selection than any previously 
developed operational amplifier family. Each of these JFET-input operational amplifiers incorporates well-matched, 
high-voltage JFET and bipolar transistors in a monolithic integrated circuit. The devices feature high slew rates, low 
input bias and offset currents, and low offset voltage temperature coefficient. Offset adjustment and external 
compensation options are available within the TL081 Family. 

Device types with an "M" suffix are characterized for operation over the full military temperature range of -55°C to 
125 C, those with an "I" suffix are characterized for operatton from -25°C to 85°C, and those with a "C" suffix are 
characterized for operation from 0°Cto 70°C. 



TL080, TL080A 
JGORP DUAL-IN-LINE 
PACKAGE (TOP VIEW) 



TRTTUTL 




liMtiJUr 



TL083. TL083A 
JORN DUAL-IN-LINE 
PACKAGE (TOP VIEW) 



v co ovrnn hc ovrnn ' 



■ J^-TO-J^M-ffljrim 



p 



Triiii^iiriiiiinif 

MVEBI K1NW WfUl V^. 01. ITT RMR IMVfHT 
IMG VIRTIMG NULt NULL VERIING WTO 

aw* ww/1 ire 3C ntfin D»VT 
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TYPES TL080 THRU TL085, TL0IOA THRU TL084A. 

TL081B, TL082B. TL0B4B 

JFET-IMPUT OPERATIONAL AM PLIFIERS 

schematic (each amplifier) 



f 

LY.J 



| OFFSET NULfCOMP iNV, O 

TL0S0ONLY«J OFFSET NULL 1N2! 0-~ 
COMP o 




TL061 AND7L063ONLY 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 





TL08_M 


TL08_t 


TL08_C 

TL08_AC 

TL08_BC 


UNIT 


Supply voltage, Vqq + (see Note 1 ! 


18 


18 


18 


V 


Supply voltage, Vqc_ (see Note 1} 


-18 


-18 


-18 


V 


Differential input voltage (see Note 2) 


r30 


l30 


±30 


V 


Input voltage (see Notes 1 and 3S 


±15 


115 


±15 


V 


Duration of output short circuit (see Note 4) 


Unlimited 


Unlimited 


Unlimited 




Continuous total dissipation at !o' below) 25 C C free-air temperature (See Note 5) 


680 


680 


680 


mW 


Operating free-air temperature range 


-55 to 125 


-25 to 85 


Oto 70 


'C 


Storage temperature range 


-65 to 150 


-65 to 150 


-65 to 150 


°C 


Lead temperature 1/16 inch (1,6 mm! from case for 60 seconds 


J. JG, or W package 


300 


300 


300 


°c 


Lead lemperature 1/16 inch (1,6 mm! from case for 10 seconds 


N or P package 




260 


260 


°c 



1. All voltage values, except diff erentiBl voltages, are with respect to the midpoint between Vqq + and VcX-~. 

2. Differentia! voltages are at the noninvertmg input terminal with respect to The inverting input terminal. 

3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 

4. The output may be shorted to ground or to either supply. Temperature and/or supply voitages must be limited to ensure that 
the dissipation rating is not exceeded. 

5. For operation above 25"C free air temperature, refer to Dissipation Derating Table. In the J and JG packages, TL08__M chips 
are alloy mounted; TL08_I 3 TL08_C ; TL.08_AC. and Ti_0S_BC chips are glass-mounted. 

DISSIPATION DERATING TABLE 



PACKAGE 


POWER 
RATING 


DERATING 
FACTOR 


ABOVE 
T A 


J (Alloy. Mounted Chip' 


680 mW 


ILDrnWrC 


8TTC 


J (Glass-Mounted Cnipl 


680 mW 


8.2mWrC 


etc 


JG (Alloy -Mounted Chip) 


680 mW 


81 mW^C 


69* C 


JG (Glass-Mounted Chtpl 


6B0 mW 


6.6mW/'C 


aTc 


N 


680 mW 


9.2mW,'X 


76" C 


P 


680 mW 


B.OmW/C 


65° C 


W 


680 mW 


8.0 mW/"C 


65'C 



DEVICE TYPES 


.SUFFIX VERSIONS 


AND PACKAGES 






TL080 


TL081 


TL082 


TL0S3 


TL084 


TL085 


TL0B_M 


JG 


JG 


JG 


J 


J.W 




TL0B„ I 


JG.P 


JG. P 


JG P 


J. N 


J, N 




TL08.C 


JG.P 


JG.P 


JG.P 


J. N 


J, N 


N 


T L08_ AC 


JG. P 


JG. P 


JG.P 


J.N 


J.N 


• 


TL08_BC 




JG.P 


JG.P 


* 


J. N 





Also see Dissipation Derating Curves. Section 2. 



•These combinations are not defined by this data sheet. 
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TYPES Tt.080 THRU TL0S8, TLOSOA THRU TL084A, 

TL081B, TL082B, TL084B 
JFET-IWPUT OPERATIONAL AMPLIFIERS 



electrical characteristics, Vcc± = ± 15 V 



PARAMETER 


TEST CONDITIONS* 


TL08_M 


TL0B_l 


TL08_ 
Tl_08_ 
TL08_ 


.c 

AC 

BC 


UNIT 


MIN TYP MAX 


MIN TYP 


MAX 


MIN TYP 


MAX 


V|0 


Jnput offset voltage 


R S = 50 n, 
T A - 25°C 


'80/81, '82,'B3, '85} 


3 


6 


3 


6 


5 


15 


mV 


TL084 


3 


9 


3 


6 


5 


15 


TL08_A 






3 


6 


'81B/82B/84B 






2 


3 


R s = 5on, 

T A = full range 


•80,'81,'82,-83.'85t 


9 


9 


20 


TL084 


15 


9 


20 


TL08_A 






7.5 


•81B/82B/84B 






5 


<*VIO 


Temperature coefficient 
of input offset voltage 


R S « 50 n. 


Ta = full range 


10 


10 


10 


uV/°C 


ho 


input offset current § 


T A = 25° C 


TL08_t 


5 


100 


5 


100 


5 


200 


PA 


TL08_A 






5 


100 


'81B.'82B.'84B 






5 


100 


T A = full range 


TL08_t 


20 


10 


5 


nA 


TL08_A 






3 


'81B.'82B.'84B 






3 


l|B 


Input bias current§ 


T A - 25' c 


TL08_| 


30 


200 


30 


200 


30 


400 


PA 


TL08_A 






30 


200 


'81B.'82B.'84B 






30 


200 


Ta = full range 


TL08_:j: 


50 


20 


10 


nA 


TL08_A 






7 


'81B,'82B,'84B 






7 


V ICR 


Common-mode input 
voltage range 


T A =25°C 


TL08_J 


ill i12 


til 112 


i10 HI 


V 


TL08_A 






ill i12 


'81B,'82B,'84B 






ill 112 


V OPP 


Maximum peak-to-peak 
output voltage swing 


T A « 25° C 


R L = 10 kn 


24 27 


24 27 


24 27 


V 


Ta - Ml range 


R L > 10 kn 


24 


24 


24 


Rl > 2 kn 


20 24 


20 24 


20 24 


*VD 


Large-signai differential 
voltage amplification 


R L > 2 kn, 
V = i10 V, 
T A - 25°C 


TL08_t 


25 200 


50 200 


25 200 


V/mV 


TL08_A 






50 200 




'81B/82B/84B 






50 200 


R L > 2 kn, 
V - HO V, 
Ta = full range 


TL08_t 


15 


25 


15 


TL08_A 






25 


'81B.'82B,'84B 






25 


B1 


Unity-gain bandwidth 


T A - 25°C 


3 


3 


3 


MHz 


rj input resistance 


t a - zs°c 


10' = 


10" 


10" 


« 


CMRR 


Common-mode rejection 
ratio 


B S > 10 kn, 
T A -25°C 


TL08_4 


80 86 


80 86 


70 76 


dB 


TL08_A 






80 86 


'81B,'82B.'84B 






80 86 


ksVR 


Supply voltage rejection 
ratio (AVcc±/ AV IO' 


RS> 10 kn, 
T A - 25° C 


TL08_t 


80 86 


80 86 


70 76 


dB 


TL08_A 






80 86 


•81B,'82B.'84B 






80 86 


! CC 


Supply current 
{per amplifier) 


No load, 
T A = 25°C 


No signal. 


1.4 


2,8 


1.4 


2.8 


1.4 


2.8 


mA 


V -]/V 2 Channel separation 


A VD " 100. 


T A -25°C 


120 


120 


120 


dB 



T Atf characteristics are specified under open-loop conditions unless otherwise noted. F> 
-25° C to 85° C for TL08_I; and 0°C to 70° C for TL08_C, TL08_AC, and TL08_BC. 

t Types TL085I and TL085M are not defined bv this data shoot. 

§ Input bias currents of a FET-tnpu? operational amplifier are normal junction reverse currei 
Figure 18. Pulse techniques must be used that will maintain the junction temperature as 



range for T A is -55 C to 125 C for TL08_M; 



nts, which ere temperature sensitive as shown m 
close to the ambient temperature as is possible. 
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TYPES TL080 THRU TL085, TL080A THRU TL084A, 

TL081B, TL082B, TL084B 

JFET-INPUT OPERATIONAL AMPLIFIERS 



operating characteristics, Vcc± = ± 15 V, Ta = 25° C 



PARAMETER 


TEST CONDITIONS 


Tt_08_M 


ALL OTHERS 


UNIT 


MIN TYP MAX 


MIN TYP MAX 


SR 


Slew rate at unity gain 


V|»10V, R L = 2kn, 
Cl=100pF, See Figure 1 


8 13 


13 


V/mi 


t r Rise time 


V| = 20mV. R L = 2kSl. 
C|_-100pF. See Figure 1 


0.1 


0.1 


(»J 


Overshoot factor 


10% 


10% 




v„ 


Equivalent input noise voltage 


flS" 100 [1, f - 1 kHz 


25 


25 


nV/x/Hz 



PARAMETER MEASUREMENT INFORMATION 




1 kn 
v i O vw — 4 




FIGURE 1 -UNITY-GAIN AMPLIFIER 



FIGURE 2-GAIN-OF-10 INVERTING AMPLIFIER 



INPUT OFFSET VOLTAGE NULL CIRCUITS 





Ov CC - 



FIGURE 4 




« o 



FEED-FORWARD COMPENSATION 
FIGURE 5 
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TYPES TL080 THRU TL085. TL080A THBU TL084A, 

TL081B, TL082B, TL0S4B 
JFET-iiPUT OPERATIONAL AMPLIFIERS 



TYPICAL APPLICATION DATA 



0.5-Hz SQUARE-WAVE OSCILLATOR 



OUTPUT 




Cp = 3.3uF 

3.3 kn 1 

^ 9.1 kH 
2irRpCF " 

FIGURE 24-0.5-Hz SQUARE-WAVE OSCILLATOR 



INPUT R1 B2 

O — ^ — V\rN — ^ 



OUTPUT 
l) O 




2r R1 C1 



FIGURE 25-HIGH-Q NOTCH FILTER 



1M.Q 
— VW- 



100 jiF 



T or TL085 




TL084O <fe f L_ 



100 kfi 

-W\ OVCC+ 




O OUTPUTS 



VCC- 



FIGURE 26-AUDIO DISTRIBUTION AMPLIFIER 



6 sm tjt 
<? 



18 pF 



«^>, 




88.4 kn 
4 Vv\ •— *- 



Vcc- 



18 kn (See Note A) 
— WV -15 V 



18 pF 

(i \C (i 



XI 




9 v cc- 

1/2" 
TL08? 



V CC- < 1 kn 



1N4148 



-Wv— 0+15 V 

18 kn (See Note A) 



88.4 kn 
-W 



Note A' These resistor values may oe adjusted tor a symmetrical output. 
FIGURE 27-100-kHz QUADRATURE OSCILLATOR 



6 COS UJt 

« O 
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TYPES TLI1I THRU TtJeS, TL080A TiiO TLB84A. 
TLB81B, TLB82B, TLI84B 

JFET-HPyT OPERATIONAL AMPLIFIERS 



■ Hf-* 



TYPICAL APPLICATION DATA 



16 tUl 

wv- 




16 kn 

-vw 



220 pF 



« — ® — 






OUTPUT B 




2 kHz/div 

SECOND-ORDER BANDPASS FILTER 

f = 100 kHz. Q - 30. GAIN = 4 



2 kHz/div 
CASCADED BANDPASS FILTER 
f - 100 kHz, Q = 69. GAIN » 16 



FIGURE 28- POSITIVE-FEEDBACK BANDPASS FILTER 



, i— fr|ioon 

BALANCE 

75»F! 




FIGURE 29-IC PREAMPLIFIER 
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SCHOTTKY t 
PBOMS 



SERIES 14 AND 18 
PROGRAMMABLE READ-ONLY MEMORIES 



JUNE 1981 



Titanium-Tungsten (Ti-W) Fuse Link For Re- 
liable Low-Voitage Full Family Compatible 
Programming 

Full Decoding And Fast Chip Select Simplify 
System Design 

P-N-P Inputs For Reduced Loading On System 
Buffers/Drivers 



Applications Include: 

Microprogramming/ Firmware Loaders 

Code Converters/Character Generators 

Translators/Emulators 

Address Mapping/Look -Up Tables 



NEW TYPE NUMBER 


OLD TYPE NUMBER 


BIT SIZE 

(ORGANIZATION) 


OUTPUT 
CONFIGURATION* 


TYPICAL PERFORMANCE 


0°C to70'C 


0°Cto70°C 


ADDRESS 
ACCESS TIME 


POWER 
DISSIPATION 


TBP18SA030U. M A 


SN74S188 (J, N) 


256 Bits 
(32WX8B) 


£> 


25 ns 


400 mW 


TBP18S030U, N) 4 


SN74S288U.N) 


V 


TBP14S10U, Nl* 


SN74S287(J,N) 


1024 Bits 
(2S6WV X 4B) 


V 


42 ns 


500 mW 


TBP14SA10 U. Nl* 


SN74S387 (J. Nl 


£> 


TBP18SA22U, N) 1 


SN74S470(J,N) 


2048 Bits 
(256W X 8B) 





50 ns 


550 mW 


TBP18S22 (J.N) 4 


SN74S471 (J.N) 


V 


TBP18S42 (J, N) A 


SN74S472IJ. N) 


4096 Bits 
(512WX8B) 


V 


55 ns 


600 mW 


TBP18SA42 (J.N!* 


SN74S473 (J, N] 


£ 


TBP18S46 IJ. N) A 


SN74S474 !J, N) 


4096 Bits 
(S12W X 8B) 


V 


55 ns 


600 mW 


TBP18SA46 (J. N) A 


SN74S475 (J. Nl 


o 



* For fu 


1 tamper 


ature part 


1-55°C 


to +125 


C) use su 


ffix MJ. 


"or devices with MIL-STD S83E processing (-55 


C to *t25~C) see PB 


ge 2-3. 


1 £> = open collector, \J = 


hree state. 








TBP18BAO30. TBP18S030 


TBP14S10. TBP14SA10 


TBP18SA22. TSP18S22 


TBP18S42. TBP18SA42 


TBP 1 8S4G. TBP 1 8SA46 


256 BITS 


1024 BITS 


2048 BITS 


4096 BITS 


4096 BITS 


(32 WORDS BY 8 BITS) 


(256 WORDS BY 4 BITS) 


(256 WORDS BY 8 BITS) 


(512 WORDS BY 8 BITS) 


(512 WORDS BY 8 BITS) 


(TOP VIEW) 


'TOP VIEW) 


(TOP VIEW) 


(TOP VIEW) 


(TOP VIEW) 




Q0[T 


u 


3 v cc 


A6[T 


u 


3 vcc 


AOfT 


u 


3v C c 


aoE 


u 


3vcc 


A7f7 


u 


gvoc 


QlH 




|g 


A5fT 




3A7 


A1[T 




5jA7 


A1[7 




3a8 


A6[7 




|3A8 


Q2[T 




7TJA4 


A4[7 




3G2 


A20 




3a6 


A2(7 




^1A7 


A5[T 




§NC 


Q3E 




7JA3 


A3 [7 




TjGI 


A3 [7 




3A5 


A3[T 




j3 A6 


A4 E 




|T]G4 


Q4[s 




0A2 


A0[T 




12JQO 


A4[? 




§G2 


A4 H 




3A5 


A3E 




5]G1 


Q5K 




tpAl 


A1[? 




3oi 


ooF 




7j]G1 


O0[I 




k|g 


A2[T 




|pG3 


Q6§ 




7T7JAO 


A2 




^)Q2 


QiE 




»]07 


Q1[7 




^Q7 


A1 FT 




7j]G2 


GND(V 




3Q7 


GND[V 




3Q3 


Q2E 
Q3|T 




HlQ6 
2£J 05 


Q2E 
03 E 




h)Q6 
t|]Q5 


aoQ[ 

00 fT 




7JJQ7 














7JJ06 






GNDfjo 




3 04 


GND[7o 




77)04 


Q1[777 




7[)Q5 
77] Q4 










Q2J7T 




























GNDFJT 




71] 03 



fin assignments for a II of the: 



nomones 1 



ne for the J and N packages. See Product Guide. Section 7, for chip carrier pin assignments. 



description 



These monolithic TTL programmable read-only memories (PROMsi feature titanium-tungsten (Ti-W) fuse links with 
each link designed to program in 100 microseconds. The Schottky-clamped versions of these PROMs offer considerable 
flexibility for upgrading existing designs or improving new designs as thev feature full Schottky clamping for improved 
performance, low-current MOS-compatibie p-n-p inputs, choice of bus-driving three-state or open-collector outputs, and 
improved chip-select access times. 

The high-complexity 2048- and 4096-bit PROMs can be used to significantly improve system density for fixed 
memories as all are offered in the 20-pin dual-in-line package having pin-row spacings of 0.300 inch (7,62 mml. 



Copyright © 1981 by Texas Instruments Incorporated 

Texas Instruments ■'integrated schottkv-Barrmr diode- 

INCORPORATED clamped transistor is patented by Texas 

post office box,™-, „ Instruments. U£. Patent ft/umber 

TOST OFFICE BOX 22501? • 0ALLAS. TEXAS 75265 3.463.97B. 



173 



SERIES VI AND 18 

PROGRAMMABLE READ-ONLY MEMORIES 



logic symbols 





T8P18S030 






PHOM 32 

EN 


A v' 
A "7 


,„ 



























































■.St 


PROM 754X4 




161 




»v 
** 255 A^7 




:?) 


na 




mi 


t3i 


(10| 


■2) 


!8I 










»«l^. 








1 


EN 

















111 




ROM SAX 9 




(11 




A^7 

1 ,1 
256 A J 

A v 
























l« 






(171 


























E* 






9r 




ns) r-^ 













TBP18SA030 







MOM 33 X 1 

A 

EN ^ 






12) 


























1131 




IS) 































151 


phcmim 

0, 
? 256 


*2 




m 






nil 


iai 


mi 


HI 


110) 






U) 




1151 










(EN 
I 















TBP18SA22 




ni 


PBOM2HXI 




ill 




A -3 
A '2 

*■ * 3 

.A— A Q 
*Q 

aQ 

AO 






ra 






141 






151 














mi 








113) 






nfil |^ 


, A 






<«. r^ 















TBP18S42 




.0 '" 


pnowsizxe 


iei 






**7 

* V 
* 511 A<7 






■1 ™ 














• 1 ,5 > 




mi 


,1 "«' 




■1 "" 




1131 


. iiei 












5 "51 ^ 















cat 




prom 

I" 


12 x a 

A~ 
A ~ 

EN 




171 


19) 


W 


;ioi 


IS1 


Iltl 




in) 


13) 


n*i 




1151 


11) 




.231 


1171 


12!) 


r>. 




ft 




It« 




net 




120) 


r^ 











111 




WOM512 
EN 


XS 

AO 

aQ 

AQ 

*Q 
aO 

aO 
a£ 

»o 


in 


ui 


(71 


Ol 


ai 


HI 


W 


Ol 




no 




ua 


1171 


1131 


nil 


1141 


"" 




MM 


r^. 















TBP18SA46 




«w 




WOK 512 XI 




ii m 




aO 
aQ 
aQ 

AQ 

aO 

A<2 


191 


13 * 


(1« 


u ,5) 


1111 


ll '*' 


tin 


'31 


ii*) 


". » 


1151 




no 


11 (0 > 


1171 














ft 


EN 




iin 




r , nn 






rs 
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SERIES 14 km 18 
PROGRAMMABLE READ-ONLY MEMORIES 



description (continued) 

Data can be electronically programmed, as desired, at any bit location in accordance with the programming procedure 
specified. All PROMs, except the TBP14S 10 and TBP14SA10are supplied with a low-logic-level output condition stored 
at each bit location. The programming procedure open-circuits Ti-W metal links, which reverses the stored logic level at 
selected locations. The procedure is irreversible; once altered, the output for that bit location is permanently program- 
med. Outputs that have never been altered may later be programmed to supply the opposite output level. Operation of 
the unit within the recommended operating conditions will not alter the memory content. 

A low level at the chip-select inputlsi enables each PROM. The opposite level at any chip-select input causes the outputs 
to be off. 

The three-state output offers the convenience of an open-collector output with the speed of a totem-pole output; it can 
be bus-connected to other similar outputs yet it retains the fast rise time characteristic of the TTL totem-pole output. 
The open-collector output offers the capability of direct interface with a data line having a passive pull-up. 

schematics of inputs and outputs 



EQUIVALENT OF 
EACH INPUT 



< 



TYPICAL OF ALL 
OPEN-COLLECTOR OUTPUTS 



OUTPUT 




Programming circuit noi shown 



TYPICAL OF ALL 
THREE-STATE OUTPUTS 



VCC 




Programming circuit not shown 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted! 



Supply voltage (see Note 1 ! .,.,..,,,.,. ......,..,, 

Input voltage ,.,.,,., ,......,..,. , 

Off-state output voltage . • • ■ 

Operating free-air temperature range: Full-temperature-range circuits ,,.... 

Commercial-temperature-range circuits C to 70 C 



,7V 

5.5V 

. . . , 5.5V 
-55°Cto 125°C 



Storage temperature range 



-65" C to 150 C 



recommended conditions for programming the TBP18S', TBP18SA', TBP14S', and TBP14SA' PROMs 





MIN NOM MAX 


UNIT 


Supply voltage. Vqq (see Note 1) 


Steady state 


4.75 5 5.25 


V 


Program pulse 


9 9.25 9.5 


Input voltage 


High level, V|h 


2.4 5 


V 


Low level, Vjl 


0.5 


Termination of ail outputs except the one to be programmed 


See load circuit 

(Figure 1) 




Voltage applied to output to be programmed, VQ(p r | (see Note 2) 


0.25 0.3 


V 


Duration of Vqc programming pulse X (see Figure 2 and Note 31 


15 25 100 


MS 


Programming duty cycle for Y pulse 


25 35 


% 


Free-air temperature 


20 25 30 


°C 



" Absolute maximum ratings. 

NOTES: 1. Voltage values ore with respoct to network ground terminal. The supply voltage rating does no! spplv during programming, 

2. Tha TBP18S03Q. TBP18SA030. TBP18SA22. TBP18S22, TBP18S42. TBP18SA42, TBP18S46 and TBP18SA46 are supplied w.th 

all bit locations containing a row logic level, and programming a bit changes the output of the bit to high logic level. The TBP14S1G, 
TBP14SA10 are supplied with all bit outputs at a high logic level, and programming a bit changes h to a low logic level. 

3. Programmjng is guaranteed if the pulse applied as 98 /is m duration. 
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SERIES 14 AND 18 

PROGRAMMABLE READ-ONLY MEMORIES 



step-by-step programming procedure for the TBP18SA030, TBP18S030, TBP14S10, TBP14SA10, 
TBP18SA22, TBP18S22. TBP18SA42, TBP18S42, TBP18S46, TBP18SA46 

1. Apply steady-state supply voltage (Vcc = 5 V) and address the word to be programmed. 

2. Verify that the bit location needs to be programmed. If not, proceed to the next bit. 

3. If the bit requires programming, disable the outputs by applying a high-logic-level voltage to the chip-select 
input(s). 

4. Only one bit location is programmed at a time. Connect each output not being programmed to 5 V through 
3.9 kfl and apply the voltage specified in the table to the output to be programmed. Maximum current into the 
programmer output is 150 mA. 

5. Step Vcc to 9-25 nominal. Maximum supply current required during programming is "750 mA. 

6. Apply a low-logic-level voltage to the chip-select inputfsi. This should occur between 1 jus and 1 ms after Vcc 
has reached its 9.25 level. See programming sequence of Figure 2. 

7 After the X pulse time is reached, a high logic level is applied to the chip-select inputs to disable the outputs. 

8. Within the range of 1 us to 1 ms after the chip-select inputis) reach a high logic level, Vcc should be stepped 
down to 5 V at which level verification can be accomplished. 

9. The chip-select inputjsj may be taken to a low logic level (to permit program verification) 1 us or more after 
VCC reaches its steady -state value of 5 V 

10. At a Y pulse duty cycle of 35% or less, repeat steps 1 through 8 for each output where it is desired to program 
a bit. 

1 1. Verify accurate programming of every word after all words have been programmed using Vcc values of 4.5 and 
5.5 volts. 

NOTE: Only one programming attempt per bit is recommended. 
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FIGURE 1 - LOAD CIRCUIT 
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FIGURE 2 - VOLTAGE WAVEFORMS FOR PROGRAMMING 
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SERIES 14 AND 18 

PROGRAMMABLE READ-ONLY MEMORIES 

WITH 3-STATE OUTPUTS 



recommended operating conditions 




















PARAMETER 


TBP14S10.TBP18S22 


TBP18S030 


TBP18S42.TBP18S46 


UNIT 


MIN 


NOM 


MAX 


MIN 


NOM MAX 


MIN 


NOM 


MAX 


Supply voltage, Vqq 


MJ 


4.5 


5 


5.5 


4.5 


5 5.5 


4.5 


5 


5.5 


V 


J.N 


4.75 


5 


5.25 


4.75 


5 5.25 


4.75 


5 


5.25 


High-level output current, Iqh 


MJ 


-2 


-2 


-2 


mA 


J,N 


-6.5 


-6.5 


-6.5 


Low-level output current, !ql 


16 


20 


12 


mA 


Operating free-air temperature, T^ 


MJ 


-55 




125 


-55 


125 


-55 




125 


'C 


J, N 







70 





70 







70 



electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 


TEST CONDITIONS' 


FULL TEMP 

(MJI 


COMM. TEMP 
(J.NI 


UNIT 


MIN TYP ! MAX 


MIN TYP 1 MAX 


V|H 


High-level input voltage 




2 


2 


V 


V|L 


Low-level input voltage 




0.8 


0.8 


V 


V|K 


Input clamp voltage 


VCC = MIN ' 


i| ■> -18 mA 


-1.2 


-1.2 


V 


VOH 


High-level output voltage 


Vcc = MIN, 
V| L " 0.8 V. 


V| H = 2V. 
IQH-MAX 


2.4 3.4 


2.4 3.2 


V 


vol 


Low-level output voltage 


V CC = MIN, 
V| L = 0.8 V, 


V IH =2V, 
IOL = MAX 


0.5 


0.5 


V 


!02H 


Off-state output current, 
high-level voltage applied 


V CC = MAX, 
V = 2.4 V 


V| H = 2V, 


50 


50 


uA 


'OZL 


Off-state output current, 
iow-ievel voltage applied 


V CC = MAX, 
V = 0.5 V 


V| H = 2V, 


-50 


-50 


(iA 


Input current at maximum 
li 

input voltage 


V CC = MAX, 


V| = 5.5 V 


1 


1 


mA 


>IH 


High-level input current 


Vqq = MAX, 


V| = 2.7 V 


25 


25 


uA 


l|L 


Low-level input current 


V CC = MAX, 


V| = 0.5 V 


-250 


-250 


uA 


'OS 


Short-circuit output current§ 


VqC = MAX 


-30 -100 


-30 -100 


mA 


ice 


Supply current 


V CC = MAX, 
Chipselectlsl st V. 
Outputs open. 
See Note 4 


TBP14S10 


100 135 


100 135 


mA 


TBP18S030 


80 110 


80 110 


TBP18S22 


110 155 


110 155 


TBP18S42. TBP18S46 


120 155 


1 20 1 55 



switching characteristics over recommended ranges of Ta and Vcc (unless otherwise noted) 



TYPE 


TEST CONDITIONS 


«a(AI <™l 

Access time from 

address 


<a(S> <™> 

Access time from 

chip select (enable time) 


Disable time from 
high or low level 


UNIT 


MIN TYP' 


MAX 


MIN TYP' MAX 


MIN TYP ! MAX 


TBP14S10MJ 


CL"30pF for 
<a(A) andj a (s), 
5 pF for tpxz, 
See Page 1-12 


42 


75 


15 40 


12 40 


ns 


TBP14S10 


42 


65 


15 35 


12 35 


ns 


TBP18S030MJ 


25 


50 


12 30 


8 30 n 


ns 


TBP18S030 


25 


40 


12 25 


8 20 


ns 


TBP18S22MJ 


50 


80 


20 40 


15 35 


ns 


TBP18S22 


50 


70 


20 35 


15 30 


ns 


TBP18S42MJ. TBP18S46MJ 


55 


85 


20 45 


15 40 


ns 


TBP18S42, TBP18S46 


55 


75 


20 40 


15 35 


ns 



and N designate commercial -temperature-range circuits 



NOTE : MJ designates fu! (-temperature-range circuits (formerly 54 Fam 

(formerly 74 Family). 

T Far conditions shown as MIN or MAX : use the appropriate value specified under recommended operating conditions. 
* All typical values are at V cc = 5 V, T A = 25° C. 

8 Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second. 
NOTE 4: The typical values of t cc ore with a!! outputs low. 



^^'■^^^^^^^^^^^^M^^m^m<m.-M^§i^sM&kMMu^ 
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SERIES 14 AND 18 

PROGRAMMABLE READ-ONLY MEMORIES 

WITH OPEN-COLLECTOR OUTPUTS 

recommended operating conditions 



PARAMETER 


TBP14SA10. TBP18SA22 


TBP18SA030 


TBP18SA42. TBP18SA46 


UNIT 


MIN NOM MAX 


MIN 


NOM MAX 


MIN NOM MAX 


Supply voltage, Vcc 


MJ 


4.5 5 5.5 


4.5 


5 5.5 


4.5 5 5.5 


V 


J. N 


4.75 5 5.25 


4.75 


5 5.25 


4.75 5 5.25 


High-ievei output voltage. Vqh 


5.5 


5.5 


5.5 


V 


Low-level output current. Iol 


16 


20 


16 


mA 


Operating free-air temperature. T^ 


MJ 


-55 125 


-55 


125 


-55 125 


'C 


J,N 


70 





70 


70 



electri 


cal characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 


TEST CONDITIONS 1, 


MIN TYP* 


MAX 


UNIT 


V|H 


High-level input voltage 




2 


V 


V|L 


Low-level input voltage 




0.8 


V 


V|K 


Input clamp voltage 


V(; C = MIN, 


l| = -18mA 


-1.2 


V 


•OH 


High-level output current 


V C c - MIN, 
V| H = 2V, 
V|L = 0-8V 


V 0H =■ 2.4 V 


50 


«A 


Vqh - 5.5 V 


100 


vol 


Low-level output voltage 


V CC = MIN, 
V| L = 0.8 V. 


V|H = 2V. 
Iq l = MAX 


0.5 


V 


I j Input current at maximum input voltage 


VcC * MAX, 


V| = 5.5 V 


1 


mA 


hH 


High-level input current 


V CC = MAX. 


V| =2.7 V 


25 


MA 


IlL 


Low-level input current 


Vcc = MAX - 


V| =0.5V 


-250 


MA 


! CC 


Supply current 


VcC = MAX . 

Chip select(s) at V, 

Outputs open, 
See Note 4 


TBP18SA030 


80 


110 


mA 


TBP14SA10 


100 


135 


TBP18SA22 


110 


155 


TBP18SA42. TBP18SA46 


120 


155 



switching characteristics over recommended ranges of Ta and Vcc (unless otherwise noted) 



TYPE 


TEST 
CONDITIONS 


'a(A) 

Access time 

address 


rom 


'a (SI 

Access time from 

chip select 

fenebte time) 


'PLH 
Propagation delay time, 
low-to-high-fevel out- 
put from chip select 
{disable time) 


UNIT 


MIN TYP* 


MAX 


MIN TYP' 


MAX 


MIN TYP' MAX 


TBP18SA030MJ 


C L * 30 pF, 

Rli = 300 n, 

R L 2 = 600 n. 
See Page 1-12 


25 


50 


12 


30 


12 30 


ns 


TBP18SA030 


25 


40 


12 


25 


12 25 


ns 


TBP14SA10MJ 


42 


75 


15 


40 


15 40 


ns 


TBP14SA10 


42 


65 


15 


35 


15 35 


ns 


TBP18SA22MJ 


50 


80 


20 


40 


15 35 


ns 


T8PSA22 


50 


70 


20 


35 


15 30 


ns 


TBP18SA42MJ.TBP18SA46MJ 


55 


85 


20 


45 


15 40 


ns 


TBP18SA42. TBP18SA46 


55 


75 


20 


40 


15 35 


ns 



NOTE: MJ designates futl-temoerature-range circuits {formarlv 54 Fsmlfyi, J and N designate commerctal-temDerature-range circuits fformeriy 

74 Family). 
T For condition* jhown as MIN or MAX , use '.ho appropriate «/aiue specified under recommended operating conditions, 

AM typical values are at ^CC ~ 5 V, T A = 25 1 C. 
NOTE 4: The ryp'cat values of Iqq am with all output low. 
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APPENDIX 2 ENGINEERING DRAWINGS 



1 . BLOCK DIAGRAM 

2. LNW80 PRINTED CIRCUIT BOARD SCHEMATIC PAGE 1 OF 4 

3. LNW80 PRINTED CIRCUIT BOARD SCHEMATIC PAGE 2 OF 4 

4. LNW80 PRINTED CIRCUIT BOARD SCHEMATIC PAGE 3 OF 4 

5. LNW80 PRINTED CIRCUIT BOARD SCHEMATIC PAGE 4 OF 4 

6. KEYBOARD SCHEMATIC 

?. EXPANSION BOARD SCHEMATIC PAGE 1 OF ? 

8. EXPANSION BOARD SCHEMATIC PAGE 2 OF 2 

9. LNDOUBLER 5/8 SCHEMATICS 

10. TOP ASSEMBLY LNW80 

11. LNW80 PRINTED CIRCUIT BOARD COMPONENT SIDE 

12. LNW80 PRINTED CIRCUIT BOARD SOLDER SIDE 

13. LNW80 PRINTED CIRCUIT BOARD ASSEMBLY DRAWING 

14. LNW80 PRINTED CIRCUIT BOARD ASSEMBLY DRAWING 

15. SYSTEM EXPANSION PRINTED CIRCUIT BOARD COMPONENT SIDE 

16. SYSTEM EXPANSION PRINTED CIRCUIT BOARD SOLDER SIDE 

17. EXPANSION FINAL ASSEMBLY DRAWING 

18. LNDOUBLER 5/8 PRINTED CIRCUIT BOARD 
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